
Europaisches Patentamt 
(19) European Patent Offtc 

Office europeen des brevets EP \ 227 113 A1 

(12) EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 

(43) Date of publication: (51) Int CI. 7 : C08F 20/28, C08F 290/12, 

31.07.2002 Bulletin 2002/31 C08G 18/62, C08G 59/42, 

C08L 61/28, B05D 7/24, 

(21) Application number 00981646.3 CQ9D cogD 161/2 g 

(22) Date of filing: 30.11.2000 4 . 

v (86) International application number: 

PCT/JP00/08482 



(87) International publication number: 

WO 01/40329 (07.06.2001 Gazette 2001/23) 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
NIC NL PT SE TR 

(30) Priority: 30.11.1999 JP 34133199 

30.11.1999 JP 34133299 

18.09.2000 JP 2000282199 

(71) Applicant: DAICEL CHEMICAL INDUSTRIES, Ltd. 
Sakai-shi, Osaka 590-0905 (JP) 

(72) Inventor: OKAZAKI, Akira 
Ohtake-shl, Hiroshima 739-0651 (JP) 



(74) Representative: Portal, Gerard et al 
Cabinet Beau de Lomenie 
158, rue de I'Universite 
75340 Paris Cedex 07 (FR) 

Remarks: 

A request for insertion of figures 1 and 2 has been 
filed pursuant to Rule 88 EPC. A decision on the 
request will be taken during the proceedings before 
the Examining Division(Guidelines A-V.3). 



(54) LOWLY LACTONE-MODIFIED REACTIVE MONOMER COMPOSITION, ACRYLIC POLYOL 
RESINS PRODUCED WITH THE SAME, CURABLE RESIN COMPOSITIONS AND COATING 
COMPOSITIONS 

(57) The present invention Nos. I and II relate to a hydroxyalkyl(meth)acrylate composition (a) modified by a small 
amount of lactones in which a proportion of monomers having two or more continuous chains (n^2) of lactone is less 
than 50% (area % by GPC) which is obtained by a ring-opening polymerization of a lactone with a hydroxyalkyl(meth) 
acrylate, a method for the preparation thereof, and an acrylic polyol resin using thereof, 



R R 1 R* R 

If I I 

CH = CCOO- (C) j-O (CO (C) xO) n-H (1) 
I I 
R 3 R 5 

(in the formula, R ? R\ R 2 , and R 3 are independently a hydrogen or a methyl group, "J" is an integer of 2-6, xn pieces 
of R 4 and R 5 are independently a hydrogen atom or an alkyl group having a carbon number of 1-12, "x w is 4-7, "n" is 
0 or an integer of not less than 1 , and an average value of "n" in the composition is not less than 0.3 to less than 1.0). 

By allowing to react the composition with other ethylenic unsaturated monomer and to formulate with a commonly- 
used crosslinking agent and other commonly-used components, there can be obtained a well-balanced high quality 
^ finishing agent for industries, an ultraviolet ray- or electron beam-curable coating agent, a composition which can be 
w modified for a reactive improver, etc., and an acrylic polyol resin using thereof. 

C>| The present invention No. Ill relates to a curable resin composition containing 0.5-80 parts by weight of an acrylic 

CM polyol resin (A) obtained using a hydroxy alky I (meth)acry late composition (a) modified by a small amount of lactones 
t- and 0.5-50 parts by weight of a melamine resin (B) [total of the (A) and (B) does not exceed 100 parts by weight] as 
Q essential components. 
LU 
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By the composition, even in a melamine-based curing system which is low in price, there can be obtained a curable- 
type coating composition in which an acid resistance is improved and highly well-balanced between an acid resistance 
and abrasion resistance, and which is also excellent in flexural resistance and adhesion in recoating. 

The present invention No. IV relates to a curable resin composition containing 0.5-80 parts by weight of an acrylic 
polyol resin (A) containing a hydroxyalkyl(meth)acrylate composition (a) modified by a small amount of lactones as a 
polymerizing component and 0.5-50 parts by weight of a melamine resin (B) [total of the (A) and (B) does not exceed 
100 parts by weight] as essential components. 

By the composition, even in a melamine-based curing system which is low in price, there can be obtained a curable- 
type coating composition in which an acid resistance is improved and highly well-balanced between an acid resistance 
and abrasion resistance. 

The present invention No. V relates to a curable resin composition containing 0.5-80 parts by weight of an acrylic 
polyol resin (A) obtained using a hydroxyalkyl (meth)acrylate composition (a) modifiedbya small amount of lactones 
and 0.5-50 parts by weight of a polyisocyanate compound (B) [total of the (A) and (B) does not exceed 100 parts by 
weight] as essential components. 

By the composition, even in an isocyanate-based curing system, there can be obtained a curable-type coating 
composition in which a pot life is long and workability is improved, and which is highly well-balanced between an acid 
resistance and abrasion resistance, and which can provide a coating layer which is excellent also in flexural resistance 
and adhesion in recoating. 

The present invention No. VI relates to a curable resin composition containing 0.5-80 parts by weight of an acrylic 
polyol resin (A) obtained using a hydroxyalkyi(meth)acrylate composition (a) modified by a small amount of lactones 
and 0.5-50 parts by weight of a polyisocyanate compound (B) [total of the (A) and (B) does not exceed 100 parts by 
weight] as essential components. 

By the composition, even in an isocyanate-based curing system, there can be obtained a curable-type coating 
composition in which a pot life is long and workability is improved, and which is highly well-balanced between an acid 
resistance and abrasion resistance, and which can provide a coating layer which is excellent also in flexural resistance 
and adhesion in recoating. 

The present invention No. VII relates to a thermosetting resin composition containing 2-50 parts of an acrylic polyol 
resin obtained using a hydroxyalkyl(meth)acrylate composition (a) modified by a small amount of lactones and 30-80 
parts of an acrylic copolymer having an alkoxysilyl group. 

By the composition, there can be obtained a thermosetting resin composition in which crosslinking density is ele- 
vated and hardness and abrasion resistance are improved as well as solving a problem of acid resistance and odor. 

The present invention No. VIII relates to a carboxyiic group-contained acrylate composition (a 1 ) modified by a small 
amount of lactones represented by a formula described below by allowing to react a hydroxyalkyl(meth)acrylate com- 
position (a) modified by a small amount of lactones with a carboxyiic anhydride, 

R R 1 R a * R 4 O 

CH = CCOO- (C) j-O (CO (C) xO) n-C-R 6 -[COOH]m 
I I 
R s R 5 

(in the formula, R, R\ R 2 , and R 3 are independently a hydrogen or a methyl group, T is an integer of 2-6. xn P'eces 
of R 4 and R 5 are independently a hydrogen atom or an alkyl group having a carbon number of 1-12, n x" is 4-7, "n" is 
0 or an integer of not less than 1, an average value of "n" in the composition is not less than 0.3 to less than 1.0, R 6 
is a residual group of a carboxyiic acid, and "m" is an integer of 1-3), and relates to a method for the preparation thereof. 

By the method, there can be readily, efficiently, and economically obtained the carboxyiic group-contained acrylate 
monomer composition modified by a small amount of lactones. 

The present invention No. IX relates to a curable resin composition containing 10-70 parts of an acrylic polycar- 
boxylic resin essentially containing the carboxyiic group-contained hydroxy(meth)acrylate monomer composition (a 1 ) 
modified by a small amount of lactones as a polymerizing component and. 0.5-80 parts of a polyepoxide. 

By the composition, there can be obtained a curable-type resin composition which can form a coating layer which 
is excellent in acid resistance, abrasion resistance, yellowing resistance, and outer appearanc , and which is curable 
at a low temperature. 

The present invention No. X relates to a polyester u nsaturated monomer (a") modified by a small amount of lactones 
in which less than 1 mol of e-caprolactone is allowed to react with 1 mol of a radically polymerizable unsaturated 
monomers containing carboxyiic group under the presence of an acidic catalyst, and relates to a method for the prep- 
aration thereof. By the method, there can be readily and industrially prepared the monomer in a short step. 
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D scription 



TECHNICAL FIELD 

5 [0001] The present invention I relates to a hydroxyalkyl (meth) acrylate composition modified by a small amount of 
lactones in which there is decreased the amount of adducts containing two or more continuous lactone chains, a method 
for the preparation thereof, and an acrylic polyol resin which can be employed as an industrial finishing agent having 
a high quality and which is variously well-balanced, for example, coatings and a pressure-sensitive adhesive, an ul- 
traviolet ray- or electron beam-curable coating agent, and a reactive modifier. 

10 [0002] Further, the present invention II relates to a method for the preparation of a hydroxyalkyl(meth)acrylate com- 
position modified by a small amount of lactones. 

[0003] Still further, the present invention III relates to a curable resin composition comprising an acrylic polyol resin 
containing the hydroxy alkyl(meth)acry late composition modified by a small amount of lactones as a polymenzable 
component and a melamine resin, by which there can be prepared a coating having an improved acid resistance and 

15 being well-balanced in abrasion resistance and an acid resistance. 

[0004] Furthermore, the present invention IV relates to a melamine-curable type water-based coating composition 
comprising the acrylic polyol resin containing the hydroxyalkyl(meth)acrylate composition modified by a small amount 
of lactones and an amino-plasto resin, and which is appropriate as a water-based coating for cars, home electric 
appliances, and cans for beverages and foods, particularly, which is appropriate as a clear coating for finishing an 

20 outer surface of cans. 

[0005] In addition, the present invention V relates to a curable resin composition containing an acrylic polyol resin 
obtained by employing the hydroxyalkyl(meth)acrylate composition modified by a small amount of lactones in which 
there are decreased adducts containing two or more continuous lactone chains and a polyisocyanate compound as 
essential components, by which there can be prepared a coating having a long pot life and an excellent abrasion 

25 resistance and water resistance. 

[0006] Also, the present invention VI relates to a coating containing a curable resin composition and crosslmked 
particles obtained from the curable resin composition or urethane-urea/ethylenic resin-composite type crosslinked par- 
ticles as essential coating layer-formable components. The curable resin composition essentially contains a hydroxy- 
alkyl(meth)acrylate composition modified by a small amount of lactones and a polyisocyanate compound as essential 

30 components. The hydroxyalkyl (meth)acrylate composition is a vinyl-based copolymer having carboxylic group and a 
crosslinkable functional group. The vinyl-based copolymer is obtained by allowing to react the hydroxyalkyl(meth) 
acrylate composition (a) modified by a small amount of lactones with a carboxylic group-contained vinyl-based mon- 
omer and other vinyl-based monomers. 

[0007] The vinyl-based copolymer is the acrylic polyol resin (A) in the curable resin composition of the present in- 
35 vention V. 

[0008] And also, the present invention VII relates to a thermosetting resin composition comprising an acrylic polyol 
resin containing the hydroxyalkyl(meth)acrylate composition modified by a small amount of lactones and an alkoxysilyl 
group-contained acrylic copolymer, and relates to a top-coat clear coating primarily containing the thermosetting resin 
composition, and which is employed as an outer coating for buildings, a variety of coatings for cars, industrial machines, 
40 a steel-made furniture, home electric appliances, and plastics, in which durability is particularly required. 

[0009] Besides, the present invention VIII relates to a carboxylic group-contained acrylate modified by a small amount 
of lactones which is useful as a raw material for resins. 

[0010] Also, the present invention IX relates to a curable resin composition, a clear coating composition, and a method 
for coating, and the curable resin composition is employed as a finishing coating for cars and coil coating, etc., which 
45 is composed of an acrylic polycarboxylic acid resin containing a carboxylic group-contained acrylate monomer modified 
by a small amount of lactones and a polyepoxide. 

[0011] And also, the present invention X relates to a polyester unsaturated monomer composition modified by a 
small amount of lactones, a method for the preparation thereof, and an acrylic resin prepared therefrom which does 
not show tackiness. 

so [001 2] By allowing to react these monomer compositions with other ethylenic unsaturated monomer and formulating 
with a variety of crosslinking agents and other components which are usually employed, there can be prepared an 
industrial finishing agent which is variously well-balanced, for example, acoating, an pressure-sensitive adhesive, an 
ultraviolet ray- or electron beam-curable coating agent, a curable oligomer and a polymer which can be employed as 
a reactive modifier, etc. 

55 
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BACKGROUND ART 
I and II. 

5 [0013] In recent years, there has been raised an importance of an acrylic-based coating in a coating field. 

[0014] It is a reason that it has an excellent characteristic in weatherability, chemical resistance, and staining resist- 
ance, etc. compared to other alkyd resins, polyester resins, and epoxy resins. 

[0015] For that reason, an acrylic-based coating has been employed in many fields such as cars, home electric 
appliances, metals, and construction materials. 

10 [0016] Of acrylic resins, an acrylic polyol in which a monomer having hydroxyl group is copolymerized is applied as 
an ordinary temperature - curable coating or a baking - curable coating in which there is formulated a crosslinking 
agent which is capable of reacting with hydroxyl group, for example, a polyisocyanate and a melamine resin, etc. The 
monomer having hydroxyl group is indispensable in order to give adhesion to a coating layer and a gasoline resistance. 
[0017] As the monomer having hydroxyl group, there have been conventionally employed a hydroxyethyl(meth)acr- 

15 ylate and hydroxypropyl(meth)acryiate, etc. Herein, the (meth)acrylate means an acrylate and a methacrylate. 

[0018] However, hydroxyl groups in an acrylic polyol prepared by copolymerization of the monomers do not show a 
sufficient reactivity with the crosslinking agent because it is situated in a position which is exceedingly near by a main 
chain of a rigid acrylic resin skeleton. 

[0019] For the purpose of improvement thereof, although 4-hydroxybutylacrylate is proposed, it is difficult to say that 
20 reactivity thereof is sufficient. 

[0020] In order to solve problems, there has been employed a means for synthesizing a lactone-modified acrylic 
polyol in which e -caprolactone is allowed to addition-react to a hydroxyalkylacrylate or a hydroxalkylmethacrylate, 
followed by copolyrnerizing with other monomers. 

[0021] By the means, although reactivity with the crosslinking agent and ductility can be solved, a distribution of 
25 lactone continuous chains is broad in a conventional lactone-mod ified (meth)acrylate, and the number (n) of the lactone 
continuous chains becomes large and, whereby, although curing reactivity and ductility are improved, there is occa- 
sionally caused a problem that there lower hardness and acid resistance, etc. 

[0022] For example, in the case that there is employed a hydroxyalkylacrylate or a hyd roxy alky Imethacry late having 
the large number of the lactone continuous chain in which e-caprolactone is added as a raw material in a top-coat 

30 coating for cars, since a hydroxyl value per the unit weight of a product becomes lower, a large amount of the acrylate 
or methacrylate must be employed in order to adjust the hydroxyl value, whereby, there are occasionally deteriorated 
other requiring items such as a glossiness and an acid resistance other than the abrasion resistance. 
[0023] Further, although it is occasionally controlled using a hydroxyethylacrylate or hydroxyethylmethacrylate in 
order to adjust the hydroxyl value without feeding a large amount of a lactone-modified hydroxyalkylacrylate or hy- 

35 droxyalkyl methacrylate, in the case, there becomes smaller a proportion of a hydroxyalkyl(meth)acrylate containing 
1 mol of the lactone single chain in which the number of "n" is 1, in which ductility and hardness are well-balanced. 

III. 

40 [0024] In a coating layer for cars, it is looked upon that there are problematic a durability of the coating layer, partic- 
ularly, blurs by acidic rain, scratches caused by sand particles which are blown up by a washing brush and by running. 
For example, a clear coat which is an over-coating in a car body is often composed of an acrylic resin and a melamine 
resin, and it becomes clear that the melamine resin causes a problem of decline in the acid resistance and, there are 
proposed (JP-A-63221123 Official Gazette and JP-A-63108048 Official Gazette) coatings by a novel crosslinking style 

45 not containing the melamine resin. However, the coatings are higher in price compared to a melamine-based thermo- 
setting coating, and include a problem that those are poor in adhesion to the melamine-based thermosetting coating. 
[0025] Of the acrylic resins, an acrylic polyol in which there is copolymerized a monomer having hydroxyl group is 
employed in an ordinary temperature-curable orthermosetting-curable coating in which there is formulated a crosslink- 
ing agent which can react with hydroxyl group, for example, such as a polyisocyanate and a melamine resin. In order 

so to give an adhesion to a coating layer and a gasoline resistance, acrylic monomers having hydroxyl group are indis- 
pensable. 

[0026] As such the monomers having hydroxyl group, there have been conventionally employed a hydroxyethyl 
(meth)acrylate and a hyd roxy propyl(meth)acrylate, etc. 

[0027] However, since the hydroxyl group in an acrylic polyol prepared by copolymerization of the (meth)acrylates 
55 is situated in an exceedingly near position to a main chain of an acrylic resin structure which is rigid, a reactivity with 
the crosslinking agent is not sufficient. 

[0028] For the purpose of improvement thereof, although 4-hydroxybutylacrylate is proposed, it is difficult to say that 
a reactivity thereof is sufficient. 
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[0029] As a method for solving such the problems, in relation to a abrasion resistance, for example, there has been 
conventionally known (JP-A-64066274 Official Gazette) a coating using a clear coat in which there are employed an 
e-caprolactone-modified acrylic resin obtained by copolymerization of an e-caprolactone-added hydroxyalkyl(meth) 
acrylate with other vinyl monomers and a melamine curing agent and, further, for an acidic rain, for example, there has 
s been conventionally known (JP-A-04114069 Official Gazette) a coating using a clear coat in which there are simulta- 
neously employed a reaction of carboxylic acid with an epoxy and a reaction of an acrylic resin with a melamine curing 
agent. 

[0030] However, since the lactone-modified (meth)acrylate in a technology of the JPnA-64066274 Official Gazette 
has a broad distribution of continuous lactone chains and the number (n) of the continuous lactone chains is large, 
10 there is occasionally caused the above-described problem that although curing reactivity and flexibility are improved, 
there lower hardness and acid resistance, etc. 

[0031] On the other hand, although there is obtained a coating layer having an excellent acid resistance in a tech- 
nology of the JP-A-04114066 Official Gazette, abrasion resistance is insufficient. 

[0032] Further, there has been known that it is an effective method to elevate a glass transition temperature in a 
15 cured coating layer formed from a clear coat which is a most outside surface layer in order to obtain an advanced acid 
resistance. However, in the case, there has been a problem that there is caused an unpreferred situation that there 
lower not only the abrasion resistance in the coating layer but also flexural resistance and adhesion in recoating. 
Accordingly, it has been an exceedingly difficult technology to obtain a coating layer which is highly well-balanced in 
the acid resistance and abrasion resistance, and which is also excellent in the flexural resistance and adhesion in 
20 recoating. 

IV. 

[0033] Metal cans have been widely employed as a vessel for filling a variety of beverages and foods. 

25 [0034] Outside surface of the cans is coated in order to prevent corrosion by outside circumstances, and printed in 
view of a fine sight, and for showing contents. In printing and coating of the outside surface of the cans, a size-coating 
is coated on a metal plate, and then, a white coating is coated and, printing is conducted thereon by inks, etc. and a 
clear coating is coated for finishing. The size-coating and white coating are also occasionally omitted. Hitherto, as the 
clear coating for finishing, there has been widely employed an organic solvent solution containing an acrylic/ami no- 

30 based resin, a polyester/amino-based resin, and an epoxy/amino-based resin, etc. 

[0035] JP-A-06207137 Official Gazette discloses a water-based coating for an outer surface of cans, which is a 
coating primarily containing a resin mixture composed of (A) 40-60 parts by weight of an acrylic resin having a specified 
composition which has a weight average molecular weight of 6,000-15,000 and a glass transition temperature of ex- 
ceeding 0°C, (B) 10-20 parts by weight of an acrylic resin having a specified composition which has a weight average 

35 molecular weight of 5,000-50,000 and a glass transition temperature of not more than 0°C, and (C) 20-50 parts by 
weight of an amino-plasto resin, and the resins (A) and (B) are neutralized by a base and, the resins (A), (B), and (C) 
are dissolved or dispersed in water. However, a coating layer obtained from the above-described technology is not 
sufficient in hardness. 

[0036] Publicly-known water-based coatings include two types of a water-dispersed type one and a water-soluble 
40 type one, and since the water-dispersed type one is usually synthesized by an emulsion polymerization method using 
a surface active agent, there has been a problem that the surface active agent remains in a coating layer after having 
formed the coating layer, and it causes a decline of water resistance. On the other hand, although there is also a 
method synthesizing a resin containing carboxylic groups in an organic solvent system without employing the surface 
active agent and making dipersible or water-soluble by neutralizing in a volatile base, the water-based coating requires 
45 an acidic component having an acid value of not less than 20 in a basic resin structure, and there has been a drawback 
of poor water resistance and alkali resistance, etc. 

[0037] A variety of coatings have been proposed and, although there is observed an improvement of water resistance 
in a coating layer, properties are not in a level being resistible to a thermally sterilizing treatment (retorting) in 130°C 
for 30 minutes. 

so [0038] JP-A-07316489 Official Gazette discloses a water-based coating composition characterized by containing 
20-80 parts by weight of a water-based acrylic resin obtained by copolymerization of (i) a, p -ethylenic unsaturated 
carboxylic acid, (ii) a hydroxyl group-contained mono(meth)acrylate including an e -caprolactone-modified monomer, 
(iii) an N-alkoxymethyl(meth)acrylic amide having an alkyl group of a carbon number of not more than 4, and an aromatic 
vinyl monomer which is copolymerizable with the (i)-(iii) and/or an alkyl(meth)acrylate and 10-60 parts by weight of a 

55 water-based amino resin. However, water resistance is not sufficient in the coating composition obtained by the above- 
described technology. 

[0039] Further, a water-based coating composition has been also employed for coating in cars and horn electric 
appliances. 
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[0040] For example, in recent years, a design value in resin-made parts such as a bumper for cars is elevated by 
coating the same color as in car bodies. In the case of coating a bumper made from a polypropylene, etc. like a body 
color, there is firstly coated a primer made from a chlorinated polypropylene, etc. in order to ensure adhesion. A coating 
layer is formed by a two coating-one baking method (hereinafter, referred to as a 2C1B method) in which a coating 
5 layer of the primer is thermally cured and a coating for a base coat and an over coating are coated by a wet-on-wet 
method and those are thermally cured collectively. 

[0041] However, there has become problematic a staining in a coating layer which is called a rain-blot under the 
influence of an acidic rain in recent years. Particularly, in a baked coating layer made from a melamine resin, it is known 
that an ether bond in the vicinity of melamine is broken by the acidic rain, and a stain penetrates therein, resulting in 
10 that it becomes difficult to remove the stain by a water-washing level. Accordingly, it must be rubbed off by a compound, 
etc. and, in the case, there is a problem that a coating layer is also shaved off, resulting in that the thickness of the 
coating layer becomes thinner. 

[0042] Comparing a coating layer on an outside plate of cars to a coating layer on a bumper, the rain-blot is more 
readily caused in the coating layer on a bumper, there is a problem that the rain-blot once caused is not apt to be 

15 removed compared to the coating layer on an outside plate. It is thought that it depends upon a crosslinking density. 
In other words, since the coating layer on an outside plate is cured by heating conditions such as 140°C for 30 minutes 
or so, a crosslinking density is high. However, in the coating layer on a resin-made bumper, since heating temperature 
is suppressed in 120°C for 20 minutes or so in order to prevent deformation, a crosslinking density becomes lower 
compared to the coating layer on an outside plate for cars. For that reason, an acid rain resistance is not sufficient, 

20 and it is thought that the above-described difference is caused. 

[0043] Therefore, it is thought that a blocked polylsocyanate compound is employed as a crosslinking agent without 
using a melamine resin. However, curability is poor at a low temperature in a coating composition in which the blocked 
polyisocyanate compound is employed as a crosslinking agent. For that reason, when the coating composition is coated 
on a resin-made bumper, etc., since heating temperature is 120°C to the utmost, crosslinking density is low, resulting 

25 in that there become insufficient physical properties such as solvent resistance, staining resistance, and water resist- 
ance. 

[0044] JP-A-11 012533 discloses a water-based coating composition comprising a neutralized product of an amino 
resin-modified polymer in which structural units based on the above-described component (a) in the copolymer com- 
posedof (a) radically polymerizable compound having a specified structural formula, (b) an ot.p-ethylenic unsaturated 
30 carboxylic acid, and (c) other radically polymerizable monomers are modified by a reaction of hydroxyl group in the 
units with an amino resin. However, a coating layer from the composition is not sufficient in retort resistance. 

V. 

35 [0045] As described hereinabove, in recent years, an acrylic-based coating is becoming important in a coating field 
and, in a coating layer for cars, durability of a coating layer, particularly, there become problematic a rain-blot by an 
acidic rain, abrasions by sand particles blown up by a washing brush and during driving, and the above-described 
various methods are proposed. However, there have still been the above-described various problems. 
[0046] On the other hand, although an isocyanate curing system shows an excellent acid resistance, adhesion, water 

40 resistance, and hardness, there is a problem that a pot-life is shorter compared to a melamine coating and, crosslinking 
of a resin is insufficient, and abrasion resistance is lower in a coating layer. Although the abrasion resistance can be 
improved by employing a modified hydroxy(meth)acrylate, etc. (PCL F, etc.), a pot-life further becomes short by an 
existing PCL F having a long lactone continuous chain length, and there is caused a problem that it cannot become 
taken a working time of period. 

45 

VI. 

[0047] For the above-described problems in an isocyanate curing system, JP-A-0514831 3 Official Gazette proposes 
a coating which possesses various properties such as profitability and workability without loss of a fine spectacle and, 

so moreover, which can also satisfy a corrosion resistance, and which can provide a coating layer for a metal having an 
advanced corrosion resistance and, moreover, which primarily contains a coating layer-formable resinous component 
in which there are employed specified crosslinked particles which do not cause any problems in corrosion resistance 
even though a conventional melamine curing agent is employed. Although the abrasion resistance can be improved 
by employing a modified hydroxy(meth)acrylate, etc. (PCL F, etc.), the abrasion resistance, the improvement is insuf- 

55 ficient by the PCL F having a long lactone continuous chain length. 
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VII. 

[0048] In a conventional thermosetting coating, there has been employed a melamine resin such as an alkyd mela- 

mine resin, an acrylic melamine resin, and an epoxy melamine resin as a crosslinking agent, and an odor from the 
5 melamine resin has been largely problematic. Further, in an acrylic melamine resin and an afkyd melamine resin which 

are usually employed as a coating for cars, there are not always sufficiently satisfied properties such as weatherability, 

staining resistance, acidic resistance, and a water-repellent property, and an improvement thereof is strongly desired. 

[0049] As a method for solving the problems, there is proposed a technology (JPrA-01141 952 Official Gazette, etc.) 

concerning a composition which is cured by a crosslinking style using a polyol resin and a hydrolyzable silyl group- 
10 contained resin, and which is quite different from a crosslinking style using a conventional polyol resin and melamine 

resin. However, there are not still sufficiently satisfied hardness, abrasion resistance, water resistance, and solvent 

resistance. 

VIII. 

15 

[0050] Since a polyalkyleneglycol di (meth) acrylate forms a flexible thin layer after curing, it is one of exceedingly 
useful raw materials for employing as an ink and coating, etc. Further, a low molecular weight one is important also as 
a reactive diluent in an acrylic resin field. 

[0051] It is to be noted that in the present invention, an acrylate and methacrylate are called a (meth)acrylate, and 
20 acrylic acid and methacrylic acid are called a (meth)acrylic acid. However, an acrylic resin and a methacrylic resin are 
merely called an acrylic resin. 

[0052] On the other hand, an acrylic resin having carboxylic group (-COOH) is effective for improving adhesion to a 
material which includes a resin such as a nylon having amino group, and an inorganic compound such as a metal 
having hydroxy I group and a silica. Further, it is recognized that it is effective for improving a water-solubility and an 
25 aqueous alkali solution-solubility of an acylic resin, above all, shortening of developing time of period in an alkali de- 
velopment step and a removing ability of uncured portion in the case of forming a pattern using ultraviolet ray-curability. 
[0053] For that reason, there is desired a carboxylic group-contained acrylate such as a carboxylic group-contained 
lactone acrylate, and there has been desired a method for the preparation thereof which is industrially and readily 
operated. 

30 

IX. 

[0054] In a binder for employing as an over-coating for cars, a polymer having hydroxy! group is usually employed 
in combination with a melamine resin curing agent. However, in a cured thin layer obtained by employing a melamine 

35 resin as a curing agent, an acid resistance is usually poor. Accordingly, such the thin layer is apt to be particularly 
deteriorated by an acidic rain which is recently talked about, resulting in that a problem is caused in an outer appearance. 
[0055] It is thought that a poor acid resistance in a thin layer obtained by employing a melamine resin as a curing 
agent is caused by a triazine ring in the melamine resin. Accordingly, so far as a melamine resin is employed as a 
curing agent, a drawback of the poor acid resistance is not solved. 

40 [0056] For example, JP-A-02045577 and JP-A-03287650 Official Gazettes propose a novel coating composition in 
which a melamine resin is not employed. In the coating composition, since a crosslinking is initiated in an ester bond 
which is produced by a reaction of an acid group with an epoxy group, an acid resistance is excellent. 
[0057] However, in the curing system, since functional group concentration is higher and viscosity is high, it is difficult 
to prepare a high solid type coating having a high solid content, and it is required that a large amount of solvents are 

45 employed. 

[0058] On the other hand, in recent years, there is desired a high solid coating which does not emit a large amount 
of solvents in circumstances in order to reduce a bad influence to circumstances. 

[0059] JP-A-06 166741 Official Gazette discloses a high solid coating composition in which a silicone polymer is 
employed. However, in the inventions, in order to introduce a hydroxy! group-functional silicone polymer into a coating 
50 composition, an acid-functionalty is given by a reaction with an acid anhydride. As a result, there is caused a drawback 
that an amount of functional groups cannot be elevated, and Tg is lowered in resins and, Tg cannot be elevated in a 
coating layer. 

[0060] On the other hand, JP-B-94041575 Official Gazette discloses a high solid coating composition containing (a) 
a polyepoxide and (b) a polyester polycarboxylic acid. However, solid content in the coating composition is not high 
55 from a viewpoint of not adversely affecting to circumstances, resulting in that a coating layer formed is poor in an acid 
resistance 

[0061] Further, in an acid-epoxy curing type coating system, a clear coating layer when being thermally cured re- 
markably yellows compared to a conventional melamine type coating system, and it is difficult to design a light color 
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such as a white mica color. 

X. 

5 [0062] As described hereinabove, in recent years, an acrylic-based coating is becoming important in a coating field, 
and an acrylic-based coating is becoming employed in every fields. 

[0063] In a conventional lactone modified (meth)acrylate, since distribution of lactone continuous chains becomes 
broad and the number (n) of continuous chain length becomes large, although a curing reactivity and flexibility are 
improved, there is occasionally caused a problem of a decline of hardness and acid resistance. 
10 [0064] On the other hand, as radically polymerizable unsaturated monomers having carboxylic group, there are 
known (meth) acrylic acid, itaconic acid, maleic acid, p-(meth)acryloyloxyethyl succinic acid, p - (meth)acryloyloxyethyl 
maleic acid, and P-(meth)acryloyloxyethyl phthalic acid, etc. 

[0065] The radically polymerizable unsaturated monomers having carboxylic group are employed in exceedingly 
wide range uses as a raw material and an intermediate for a thermosetting coating, an adhesive, an modifier for process- 
es ing papers, a crosslinking agent, and a processing agent for fibers, etc., it is required that a kind of the radically po- 
lymerizable unsaturated monomers is carefully selected like being appropriate for respective uses. 
[0066] Generally speaking, as a method for synthesizing a polyester unsaturated monomer having carboxylic group 
at a terminal, there are known a method in which an co-hydroxy carboxylic acid is allowed to react with a radically 
polymerizable unsaturated monomers having carboxylic group, a method in which an a, (o-polyester dicarboxylic acid 
20 is allowed to react with a radically polymerizable unsaturated monomers having hydroxyl group, and a method, etc. in 
which an acid anhydride is allowed to react with a radically polymerizable unsaturated monomers having carboxylic 
group and an epoxy compound. 

[0067] However, the methods include a problem that there are largely produced products quite not having a radically 
polymerizable functinal group or products having two radically polymerizable functinal group as by-products. 
25 [0068] Further, as another method, there is a method in which a metal salt of a radically polymerizable unsaturated 
monomers having carboxylic group, for example, sodium acrylate is allowed to react with an oo-halogenocarboxylic 
acid, for example, e-chlorocaproic acid. 

[0069] However, in the methods, an co-halogenocarboxylic acid which is a raw material is prepared through many 
steps for the preparation, and a plurality of steps are required for introducing two or more pieces of a radically polym- 
30 erizable functional groups and, further, there is also required a step for separating a halogenated metal salt by-pro- 
duced, as a result, an industrial preparation method is not still actualized. 

[0070] As a method for intending to improve such the drawbacks, for example, JP-A-60067446 proposes a method. 
In the method, a radically polymerizable unsaturated monomers having carboxylic group is allowed to react with e- 
caprolactone under the presence of an acidic catalyst to prepare a caprolactone polyester unsaturated monomer, and 
35 a fair result is obtained as an industrial method for the preparation. However, an acrylic resin prepared using the 
monomer often shows tackiness, and it includes a problem as an electric material. 

[0071] Purpose of the present invention I is to provide a hydroxyalkyl(meth)acrylate composition modified by a small 
amount of lactone which is employed as an industrial finishing agent (a coating) having a high quality and which is 
well-balanced in a variety of physical properties in a coating layer, for example, through using as a comonomer in a 
*o polymerization reaction with other monomers, and to provide an acrylic polyol resin using the composition. 
[0072] Purpose of the present invention II is to provide a method for the preparation of the composition. 
[0073] Purpose of the present invention III is to provide a curable type coating composition in which an acid resistance 
is elevated even though in a melamine type which is low in price, and which is well-balanced in abrasion resistance 
and the acid resistance. 

45 [0074] Purpose of the present invention IV is to provide a melamine-curable type water-based coating composition 
which is excellent in hardness, water resistance, restoring resistance, and processability, etc. of a coating layer, and 
which is excellent for cars, home electric appliances, and cans for beverages and foods. 

[0075] Purpose of the present invention V is to provide an isocyanate system curable type coating composition which 
has a sufficient pot-life and, in which a problem of abrasion resistance is solved while maintaining an excellent acid 
so resistance, adhesion, water resistance, and hardness. 

[0076] Purpose of the present invention VI is to provide an isocyanate system curable type coating composition 
which has a sufficient pot-life and, in which a problem of abrasion resistance is solved while maintaining excellent acid 
resistance, adhesion, water resistance, and hardness. 

[0077] Purpose of the present invention VII is to provide a thermosetting resin composition in which a problem of the 
55 above-described acid resistance and odor is solved which are important in a coating for cars, and in which hardness 
and abrasion resistance, water resistance, and solvent resistance are improved by elevating a crosslinking density, 
and to provide a top-coat clear coating using the composition. 

[0078] Purpose of the present invention VIII is to provide an industrially-feasible method for the preparation of a 
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carboxylic group-contained acrylate composition modified by a small amount of lactones. 

[0079] Purpose of the present invention IX is to provide a high solid curable resin composition in which the above- 
described problems are solved and, which is capable of forming a thin layer which is excellent in acid resistance to an 
acid rain, abrasion resistance, yellowing resistance, and outer appearance, and to provide a method for coating (here- 

5 inafter, also occasionally referred to as a method for forming a coating layer) using the composition. 

[0080] Purpose of the present invention X is to provide a polyester unsaturated monomer composition modified by 
a small amount of lactone which is obtained through an addition reaction of lactone by decreasing lactone chains, 
which is employed as an industrial finishing agent (a coating) having a high quality which is well-balanced in various 
physical properties of a coating layer by employing as a comonomer in a polymerization reaction with other monomers, 

10 and to provide a method for the preparation thereof, and to provide an acrylic resin using thereof which does not show 
tackiness so much. 

DISCLOSURE OF THE INVENTION 

15 [0081] The present inventor, as a result of an intensive investigation for attaining the purpose of the present invention 
I, found out that the above-described requirements can be satisfied by a hydroxyalkyl(meth)acrylate composition in 
which there is decreased a proportion of monomers containing two or more continuous chains (n ^2) of lactones by 
allowing to react in a Jarge reaction ratio (the former mol number/the latter mol number) of a hydroxyalkyl(meth)acrylate 
with respect to a lactone monomer, and the present invention has been completed. 

20 [0082] That is. No. 1 in the present invention I provides a hydroxyalkyl(meth)acrylate composition modified by a small 
amount of lactones, in which a proportion of monomers having two or more continuous chains (n^2) of lactones is 
less than 50% (area % by GPC) which is represented by general formula (1) described below, 

25 R R l R z R 4 

II I ! 

CH = CCOO- (C) i-O (CO (C) xO) n-H (1) 
I I 
R s R 6 

30 

(in the formula, R, R 1 , R 2 , and R 3 are independently a hydrogen or a methyl group, j is an integer of 2-6, xn pieces of 
R 4 and R 5 are independently a hydrogen or an alkyl group having a carbon number of 1-12, "x" is 4-7, M n" is 0 or an 
integer of not less than 1 , and an average value of "n" in the composition is not less than 0.3 to less than 1 .0). 
35 [0083] Further, No. 2 in the present invention I provides a hydroxyalkyl(meth)acrylate composition modified by a 
small amount of lactones as described in No. 1 of the present invention I, in which the hydroxyalkyl(meth)acrylate is 
a hydroxyethyl (meth)acrylate. 

[0084] Still further, No. 3 in the present invention I provides a hydroxyalkyl(meth)acrylate composition modified by a 
small amount of lactones as described in No. 1 of the present invention I, in which the lactone monomer which is 
40 employed as a raw material is e -caprolactone and/or valerolactone. 

[0085] Furthermore, No. 4 in the present invention I provides a hydroxyalkyl(meth)acrylate composition modified by 
a small amount of lactones as described in No. 1 of the present invention I, in which the content of the lactone monomer 
remained in the composition is 0-10% by weight. 

[0086] Besides, No. 5 in the present invention I provides a hydroxyalkyl(meth)acrylate composition modified by a 
45 small amount of lactones as described in No. 1 of the present invention I in which the content of the hydroxyalkyl(meth) 

acrylate remained in the composition is not less than 20% by weight and not more than 50% by weight. 

[0087] Also, No. 6 in the present invention I provides a hydroxyaikyl(meth)acrylate composition modified by a small 

amount of lactones as described in No. 1 of the present invention I, in which the content of a di(meth)acrylate which 

is a by-product in the composition is not more than 2% by weight. 
so [0088] And also, No. 7 in the present invention I provides a hydroxya!kyl(meth)acrylate composition modified by a 

small amount of lactones as described in No. 1 of the present invention I, in which the content of by-products is not 

more than 10% by weight in the composition, which are produced by side reactions such as a Michaels additional 

acrylic polymerization, a transesterification, and other side reactions. 

[0089] And also, No. 8 in the present invention I provides a hydroxyalkyl(meth)acrylate composition modified by a 
55 small amount of lactones as described in any one of Nos. 1-7 of the present invention I, in which the amount of a 
catalyst to be employed in the ring-opening polymerization for the preparation of the composition is less than 1000 
ppm (by weight) based on total amount of materials to be fed. 

[0090] Also, No. 9 in the present invention I provides a hydroxyalkyl(meth)acrylate composition modified by a small 
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amount of lactones as described in any one of Nos. 1-8 of the present invention I, in which a polymerization inhibitor 
is not more than 1% by weight based on total amount, which is employed for the hydroxyalkyl(meth)acry!ate in the 
ring-opening polymerization for the preparation of the composition. 

[0091] And also, No. 10 in the present invention I provides an acrylic polyol resin which is obtained using a hydroxy- 
5 alkyl (meth)acrylate composition modified by a small amount of lactones as described in any one of Nos. 1-9 of the 
present invention I as a component for polymerization. 

[0092] The present inventor, as a result of an intensive investigation for attaining the purpose of the present invention 
II, found out that there can be obtained a lactone-modified hydroxyalkyl(meth)acrylate composition in which lactone 
continuous chains are decreased by allowing to react a hydroxyalkyl(meth)acrylate with a lactone in a reaction molar 

10 ratio of more than 1 (mol number of the former/mol number of the latter), and the present invention has been completed. 
[0093] That is, No. 1 in the present invention II provides a method for the preparation of a lactone-modified hydroxy- 
alkyl (meth)acrylate composition in which a proportion of monomers having not less than 2 continuous chains (n^2) 
of lactones is less than 50% by mol (GPC area %), characterized in that a hydroxyalkyl (meth)acrylate is allowed to 
react with a lactone in a reaction molar ratio of more than 1 in the case of preparing the polylactone-modified hydroxy- 

15 alkyl(meth)acrylate through allowing to react the hydroxyalkyl(meth)acrylate with a lactone monomer by ring-opening 
polymerization according to a reaction represented by a general formula (2) described below. 



R R 1 R R 

20 ii I l 

CH=CCOO- (C) j-OH + (CO (C) xO) n 
I I • 

R 3 R s 

R R 1 R a R 4 

25 III I 

CH = CCOO- (C) ,-0 (CO (C) xO) n-H (2) 
I I 
R 3 R s 

30 

(in the formula, R, R 1 , R 2 , and R 3 are independently a hydrogen or a methyl group, y is an integer of 2-6, xn pieces 
of R 4 and R 5 are independently a hydrogen or an alkyl group having a carbon number of 1-12, "x w is 4-7, "n" is 0 or an 
integer of not less than 1 , and an average value of "n" in the composition is not less than 0.3 to less than 1 .0). 
[0094] Further, No. 2 in the present invention II provides a method for the preparation of a hydroxyalkyl(meth)acrylate 
35 composition modified by a small amount of lactones as described in No. 1 of the present invention II, in which the 
hydroxyalkyl(meth)acrylate is hydroxyethylacrylate or hydroxyethylmethacrylate. 

[0095] Still further, No. 3 in the present invention II provides a method for the preparation of a hydroxyalkyl(meth) 
acrylate composition modified by a small amount of lactones as described in No. 1 or 2 of the present invention It, in 
which the lactone monomer is e -caprolactone and/or valerolactone. 
40 [0096] Furthermore, No. 4 in the present invention II provides a method for the preparation of a hydroxyalkyl(meth) 
acrylate composition modified by a small amount of lactones as described in any one of Nos. 1-3 of the present invention 
II in which an average value of n is not less than 0.35 and not more than 1.0. 

[0097] Besides, No. 5 in the present invention II provides a method for the preparation of a hydroxyalkyl(meth)acrylate 
composition modified by a small amount of lactones as described in any one of Nos. 1-3 of the present invention II, in 
45 which the content of the lactone monomer remained in the composition is 0-10% by weight. 

[0098] Also, No. 6 in the present invention II provides a method for the preparation of a hydroxyalkyl(meth)acrylate 
composition modified by a small amount of lactones as described in any one of Nos. 1-3 of the present invention II in 
which the content of the hydroxyalkyl(meth)acrylate remained in the composition is not less than 20% by weight and 
not more than 50% by weight. 

so [0099] And also, No. 7 in the present invention II provides a method for the preparation of a hydroxyalkyl(meth) 
acrylate composition modified by a small amount of lactones as described in any one of Nos. 1 -3 of the present invention 
II, in which the content of a di(meth)acrylate which is a by-product in the composition is not more than 2% by weight. 
[0100] And also, No. 8 in the present invention II provides a method for the preparation of a hydroxyalkyl(meth) 
acrylate composition modified by a small amount of lactones as described in any one of Nos. 1 -3 of the present invention 

55 || , in which the content of by-products is not more than 10% by weight in the composition, which are produced by side 
reactions such as a Michaels addition, an acrylic polymerization, a transesterification, and other side reactions. 
[0101] And also, No. 9 in the present invention II provides a method for the preparation of a hydroxyalkyl(rneth) 
acrylate composition modified by a small amount of lactones as described in any one of Nos. 1 -8 of the present invention 
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II, in which the amount of a catalyst to be employed in the reaction of the lactone with the hydroxyalkyl(meth)acrylate 
is less than 1000 ppm (by weight) based on total amount of materials to be fed. 

[0102] And also, No. 10 in the present invention II provides a method for the preparation of a hydroxyalkyl(meth) 
acrylate composition modified by a small amou nt of lactones as described in any one of Nos. 1 -9 of the present invention 
5 ||, in which the content of an inhibitor in polymerization of the hydroxyalkyl(meth)acrylate with the lactones is not more 
than 1% by weight based on total amount of materials to be fed. 

[0103] The present inventor, as a result of an intensive investigation for attaining the purpose of the present invention 

III, found out that the above-described requirement can be satisfied by a curable resin composition containing 0.5-80 
parts by weight of an acrylic polyol resin (A) obtained using a hydroxyalkyl(meth)acrylate composition (a) in which a 

10 proportion of monomers having not less than 2 continuous chains (n^2) of lactones is decreased and 0.5-50 parts by 
weight of a melamine resin (lll-B) as essential components, and the present invention has been completed. 
[0104] That is, No. 1 in the present invention III provides a curable resin composition containing 0.5-80 parts by 
weight of an acrylic polyol resin (A) obtained using a hydroxyalkyl(meth)acrylate composition (a) modified by a small 
amount of lactones in which a proportion of monomers having not less than 2 continuous chains (n^2) of lactones is 

15 less than 50% (GPC area %) as polymerizing components and 0.5-50 parts by weight of a melamine resin (B) [total 
of the (A) and (B) does not exceed 100 parts by weight]. 

[0105] Further, No. 2 in the present invention HI provides a curable resin composition as described in No. 1 of the 
present invention III, in which the hydroxyaIkyl(meth)acrylate composition (a) modified by a small amount of lactones 
is obtained using a hydroxyethyl(meth)acry!ate. 

20 [0106] Still further, No. 3 in the present invention III provides a curable resin composition as described in No. 1 or 2 
of the present invention III, in which the hydroxyalkyl(meth)acrylate composition (a) modified by a small amount of 
lactones is obtained using e-caproiactone, 5 -valerolactone, y-butyrolactone, or a mixture thereof as lactone monomers. 
[0107] Besides, No. 4 in the present invention III provides a curable resin composition as described in any one of 
Nos. 1-3 of the present invention III, in which the acrylic polyol resin (A) is composed of 5-70 parts by weight of the 

25 hydroxyalkyl(meth)acrylate composition (a) modified by a small amount of lactones, 0-90 parts by weight of an alkyl 
(meth)acrylate having a carbon number of 1-20, 0-30 parts by weight of a (meth)acrylic acid, and 0-40 parts by weight 
of other polymerizable unsaturated monomer. 

[0108] Also, No. 5 in the present invention III provides a curable resin composition as described in any one of Nos. 
1-4 of the present invention III, in which the acrylic polyol resin (A) has a hydroxyl group value of 5-250 and a number 
30 average molecular weight of 3,000-300,000. 

[0109] The present inventor, as a result of an intensive investigation for attaining the purpose of the present invention 

IV, found out that the above-described problems can be solved by using a melamine-curable type water-based coating 
composition composed of an acrylic polyol resin (A) obtained by a specified hydroxy alky l(meth)acry I ate composition 
(a) modified by a small amount of lactones and an amino-plasto resin (B), and the present invention has been com- 

35 pleted. 

[0110] That is, No. 1 in the present invention IV provides a melamine-curable type water-based coating composition 
containing 5-30 parts by weight of an acrylic polyol resin (A) obtained using a hydroxyalkyl(meth)acrylate composition 
(a) modified by a small amount of lactones represented by the above-described general formula (1), in which a pro- 
portion of monomers having not less than 2 continuous chains (n^2) of lactones is less than 50% (GPC area %) as 

40 polymerizing components and 10-60 parts by weight of an amino-plasto resin (IV-B). 

[011 1] No. 2 in the present invention IV provides a melamine-curable type water-based coating composition as de- 
scribed in No. 1 of the present invention IV, characterized in that the acrylic polyol resin (A) is composed of (i) 3-40% 
by weight of the hydroxyatkyl (meth)acrylate composition (a) modified by a small amount of lactones, (ii) 1-20% by 
weight of a, p-unsaturated carboxylic acid, (iii) 1-25% by weight of an N-alkoxymethyl(meth)acrylate having a carbon 

45 number of 1-6 in an alkyl group, and (iv) an aromatic vinyl monomer and an alkyl(meth)acrylate which are contained 
in an amount that 100% by weight minus the total weight of the above components (i), (ii), and (iii). 
[0112] No. 3 in the present invention IV provides a melamine-curable type water-based coating composition as de- 
scribed in No. 1 or 2 of the present invention IV, in which the acrylic polyol resin (A) has a number average molecular 
weight of 2,000-50,000, a hydroxyl group value of 10-150, and a Tg point of 0-60°C. 

so [01 1 3] No. 4 in the present invention IV provides a melamine-curable type water-based coating composition as de- 
scribed in any one of Nos. 1-3 of the present invention IV, in which the amino-plasto resin (IV-B) is at least one of a 
melamine resin (j), a guanamine resin (k) selected from benzoguanamine, spyrogu an amine, acetoguanamine, and 
phthaloguanamine, and/or a melamine-guanamine cocondensed resin (1). 

[0114] No. 5 in the present invention IV provides a melamine-curable type water-based coating composition as de- 
55 scribed in any one of Nos. 1-4 of the present invention IV, which is employed for cars, home electric appliances, and 
cans for beverages and foods. 

[0115] The present inventors, as a result of an intensive investigation for attaining the purpose of the present invention 

V, found out that the above-described requirement can be satisfied by a curable resin composition essentially containing 
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50-90 parts by weight of an acrylic polyol resin (A) obtained using a hydroxyalkyI(meth)acrylate composition (a) in 
which a proportion of monomers having not less than 2 continuous chains (n^2) of lactones is reduced and which is 
obtained by a large reaction molar ratio of a hydroxyalkyl(meth)acrylate with lactone monomers (the former mol number/ 
the latter mol number), and 10-50 parts by weight of apolyisocyanate compound (V-B), and the present invention has 
5 been completed. 

[01 1 6] That is, No. 1 in the present invention V provides a curable resin composition containing 50-90 parts by weight 
of an acrylic polyol resin (V-A) obtained using a hydroxyalkyl(meth)acrylate composition (a) modified by a small amount 
of lactones which is represented by the above-described general formula (1) in which a proportion of monomers having 
not less than 2 continuous chains (n^2) of lactones is less than 50% (GPC area %) as polymerizing components and 
to 50-10 parts by weight of a polyisocyanate compound (V-B) [total of the (V-A) and (V-B) does not exceed 100 parts by 
weight]. 

[0117] No. 2 in the present invention V provides a curable resin composition as described in No. 1 of the present 
invention V, in which the acrylic polyol resin (V-A) is composed of 5-65% by weight of the hydroxyalky!(meth)acry!ate 
composition (a) modified by a small amount of lactones, 0-30% by weight of a vinyl monomer having hydroxyl group, 
15 0.1-20% by weight of a polyester resin having a copolymerizable unsaturated group, and other vinyl monomers (residual 
weight). 

[0118] The present inventor, as a result of an intensive investigation for attaining the purpose of the present invention 
VI, found out that the above-described requirement can be satisfied by a curable resin composition essentially con- 
taining 0.5-80 parts by weight of an acrylic polyol resin (A) obtained using a hydroxy alky I (meth)acry late composition 
20 (a) modified by a small amount of lactones, and which is obtained by a large reactionmolar ratio of ahydroxyalkyl(meth) 
acrylate with lactone monomers (the former mol number/the latter mol number), and in which a proportion of monomers 
having not less than 2 continuous chains (n^2) of lactones is reduced, and 0.5-50 parts by weight of a polyisocyanate 
compound (C), and the present invention has been completed. 

[0119] That is. No. 1 in the present invention VI provides a curable resin composition containing 0.5-80 parts by 
25 weight of an acrylic polyol resin (Vl-A) having carboxylic group and a functional group obtained by allowing to react a 
hydroxyalkyl(meth)acrylate composition (a) modified by a small amount of lactones represented by the general formula 
(1) described in claim 1 in which a proportion of monomers having not less than 2 continuous chains (n^2) of lactones 
is less than 50% (GPC area %) with a vinyl monomer having carboxylic group and other vinyl monomers, and 0.5-50 
parts by weight of a polyisocyanate compound (Vl-B) [total of the (Vl-A) and (Vl-B) does not exceed 100 parts by 
30 weight] as essential components. 

[0120] Further, No. 2 of the present invention VI provides a curable resin composition as described in No. 1 of the 
present invention VI, in which the acrylic polyol resin (Vl-A) is a vinyl copolymer having carboxylic group and a functional 
group obtained by allowing to react a reaction product of a hydroxyl group-contained resin obtained by copolymerizing 
a hydroxyatkyl(meth)acrylate composition (a) modified by a small amount of lactones with a (meth)acrylic anhydride, 
35 and then, by allowing to react the reaction product with a vinyl-based monomer having carboxylic group and other 
vinyl-based monomers. 

[0121] Still further, No. 3 of. the present invention VI provides a curable resin composition as described in No. 2 of 
the present invention VI, in which the acrylic polyol resin (Vl-A) is a resin obtained using the hydroxyl group-contained 
resin in the No. 2 of the present invention VI and at least one selected from a urethane resin having hydroxyl groups, 
40 an epoxy resin having hydroxyl groups, a cellulose derivative having hydroxyl groups, and a polyester resin having 
hydroxyl groups as the resin having hydroxyl groups. 

[0122] Furthermore, No. 4 of the present invention VI provides a curable resin composition as described in No. 2 of 
the present invention VI, in which the acrylic polyol resin (Vl-A) is a resin obtained using the hydroxyl group-contained 
resin in the No. 2 of the present invention VI and a urethane resin having hydroxyl groups as the resin having hydroxyl 
45 groups. 

[0123] Besides, No. 5 in the present invention VI provides a curable resin composition as described in any one of 
Nos. 1-4 of the present invention VI, in which the polyisocyanate compound (Vl-B) is a polyisocyanate compound 
containing an epoxy resin. 

[0124] Also, No. 6 in the present invention VI provides a curable resin composition as described in any one of Nos. 
so 1-5 of the present invention VI, in which the hydroxyalkyl(meth)acrylate composition (a) modified by a small amount 
of lactones is a product obtained using hydroxyethyl(meth)acrylate. 

[0125] And also, No. 7 of the present invention VI is a coating characterized by containing (i) crosslinked particles 
obtained by dispersing a mixture of the acrylic polyol resin (Vl-A) with the polyisocyanate compound (Vl-B) into a water- 
based medium and by crosslinking thereof, or (ii) composite-type crosslinked particles composed of a urethane-urea/ 
55 ethylene-based resin obtained through polymerizing polymerizable ethylene-based unsaturated compounds containing 
the hydroxyalkyl(meth)acrylate composition (a) modified by a small amount of lactones in water in which crosslinked 
urethane-urea particles are dispersed, as resin components for forming a thin layer. 

[0126] And also, No. 8 of the present invention VI is a coating as described in No. 7 of the present invention VI 
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characterized by containing more than 50% by weight of crosslinked particles having particle diameter of not more 
than 1 m and, moreover, an average molecular weight between crosslinking points of a range of 300-2,000, as resin 
components for forming a thin layer. 

[0127] And also, No. 9 of the present invention VI is a coating as described in No. 7 or 8 of the present invention VI, 
5 in which the crosslinked particles have a thin layer-formable temperature of not more than 100°C. 

[0128] And also, No. 10 of the present invention VI is a coating as described in any one of Nos. 7-9 of the present 
invention VI, in which the content of the crosslinked particles is not less than 70% in the resin components for forming 
a thin layer. 

[0129] And also, No. 11 of the present invention VI is a coating as described in any one of Nos. 7-10 of the present 
10 invention VI, characterized by containing 1 -25% by weight of a crosslinking agent together with the crosslinked particles 
as the resin components for forming a thin layer. 

[0130] And also. No. 12 of the present invention VI is a coating as described in any one of Nos. 7-11 of the present 
invention VI, characterized by further containing a thin layer-formable resin having a reactive group other than the 
crosslinked particles as the resin components for forming a thin layer. 
15 [0131] And also, No. 13 of the present invention VI is a coating as described in any one of Nos. 7-12 of the present 
invention VI, in which the crosslinked particles contain pigments in an inside thereof. 

[0132] The present inventor, as a result of an intensive investigation for attaining the purpose of the present invention 
VI, found out that the problems can be solved by using a curable resin composition which comprises an acrylic polyol 
resin (Vll-A) having hydroxyl groups composed of a hydroxyalkyl(meth)acrylate composition (a) modified by a small 
20 amount of lactones which has hydroxyl group at a terminal, and an acrylic copolymer (Vll-B) having an alkoxysilyl 
group, and the present invention has been completed. 

[0133] That is, No. 1 in the present invention VII provides a thermosetting resin composition which contains at least 

2- 50 parts by weight of an acrylic polyol resin (Vll-A) containing a hydroxyalkyl(meth)acrylate composition (a) modified 
by a small amount of lactones represented by the general formula (1) in which a proportion of monomers having not 

25 less than 2 continuous chains (n^2) of lactones is less than 50% (GPC area %) as a polymerizable component, and 
30-80 parts by weight of an acrylic copolymer (Vll-B) having an alkoxysilyl group [total of the (Vll-A) and (Vll-B) does 
not exceed 100 parts by weight], as polymerizable components. 

[0134] No. 2 of the present invention VII provides a thermosetting resin composition as described in No. 1 of the 
present invention VII, in which the acrylic polyol resin (Vll-A) further has at least one kind selected from an acid anhy- 
30 dride group, an epoxy group, amino group, and carboxylic group. 

[0135] No. 3 of the present invention VII provides a thermosetting resin composition as described in No. 1 or 2 of 
the present invention VII, in which the acrylic copolymer (Vll-B) having an alkoxysilyl group has a group represented 
by general formula (VII-3) described below, 

35 

R\ R 8 

(R'O) 3-.-Si-CH- (VH-3) 

40 

(in the formula, R 6 represents an alkyl group having a carbon number of 1-10, R 7 arid R 8 are a hydrogen atom or a 
monovalent hydrocarbon group selected from an alkyl group, an aryl group, and an aralkyl group which have a carbon 
number of 1-10, "a" is the number of a substituted group, and it represents an integer of 0, 1, or 2). 
45 [0136] No. 4 of the present invention VII provides a thermosetting resin composition as described in No. 3 of the 
present invention VII, in which the acrylic copolymer (Vll-B) having an alkoxysilyl group further has at least one kind 
selected from an acid anhydride group, an epoxy group, amino group, and carboxylic group. 

[0137] No. 5 of the present invention VII provides a thermosetting resin composition as described in No. 3 or 4 of 
the present invention VII, in which the acrylic copolymer (Vll-B) having an alkoxysilyl group has a number average 
50 molecular weight of 1 ,000-30,000. 

[01 38] No. 6 of the present invention VII provides a thermosetting resin composition as described in any one of Nos. 

3- 5 of the present invention VII, in which the acrylic copolymer (Vll-B) having an alkoxysilyl group contains 5-90% by 
weight of an alkoxysilyl group-contained monomer (Vll-b) having a polymerizable unsaturated double bond as a po- 
lymerizing component. 

55 [0139] No. 7 of the present invention VII provides a thermosetting resin composition containing 0.1-20 parts by weight 
of a catalyst (Vll-C) for curing based on 100 parts by weight of the thermosetting resin composition as described in 
any one of Nos. 1-6 of the present invention VII. 

[0140] No. 8 of the present invention VII provides a thermosetting resin composition as described in No. 7 of the 
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present invention VII, in which the catalyst (Vll-C) for curing is an organic tin compound, an acidic phosphate, a mixture 
or a reaction product of the acidic phosphate with an amine, a saturated or unsaturated polycarboxylic acid, a saturated 
or unsaturated polycarboxylic anhydride, a reactive silicone compound, an organic titanate compound, an organic 
aluminum compound, or a mixture thereof. 
5 [0141] No. 9 of the present invention VII provides a top coat clear coating essentially containing a thermosetting 
resin composition as described in Nos. 1-8 of the present invention VII. 

[0142] The present inventor, as a result of an intensive investigation for attaining the purpose of the present invention 
VIII, found out that there can be industrially and advantageously prepared a carboxylic group-contained acrylate mon- 
omer modified by small amount of lactones by allowing to react a hydroxyalkyl(meth)acrylate composition modified by 
10 a small amount of lactones which has hydroxyl group at a terminal with a carboxylic acid or an anhydride thereof, and 
the present invention has been completed. 

[0143] That is, No. 1 of the present invention VIII provides a method for the preparation of a carboxylic group-con- 
tained acrylate composition (a') modified by a small amount of lactones represented by a general formula (VIII-3) 
described below by allowing to react the hydroxy a Iky l(meth)acrylate composition (a) modified by a small amount of 
is lactones represented by the above-described general formula (1) in which a proportion of monomers having not less 
than 2 continuous chains (n^2) of lactones is less than 50% (GPC area %) with a carboxylic acid or anhydride (VIII- 
b) thereof represented by a general formula (Vtll-2) described below, 

20 

R 9 

R R l 
I ! 

CH=CCOO- 

25 



-[COOH]» + i 



01-2) 



R* R 4 O 

I I II - 

- (C) j-O (CO (C) xO) n-C-R 9 -[COOH]« 
I I 
R s R 5 01-3) 



(in the formula, R, R\ R 2 , and R 3 are independently a hydrogen or a methyl group, "j" is an integer of 2-6, xn pieces 
30 of R 4 and R 5 are independently a hydrogen atom or an alkyl group having a carbon number of 1-12, V is 4-7, "n" is 
0 or an integer of not less than 1, an average value of "n" in the composition is not less than 0.3 to less than 1.0, R 9 
is a residual group of a carboxylic acid, and "m" is an integer of 1-3). 

[0144] No. 2 of the present invention VIII provides a method for the preparation of a carboxylic group-contained 
acrylate composition (a') modified by a small amount of lactones as described in No. 1 of the present invention VIII, 

35 characterized in that a reaction of the hydroxyalkyl(meth)acrylate composition (a) modified by a small amount of lac- 
tones with the carboxylic acid or anhydride (Vlll-b) thereof is conducted at a range of 40-1 60° C. 
[0145] No. 3 of the present invention VIII provides a method for the preparation of a carboxylic group-contained 
acrylate composition (a') modified by a small amount of lactones as described in No. 1 or 2 of the present invention 
VIII, characterized in that a reaction of the hydroxyaIkyl(meth)acrylate composition (a) modified by a small amount of 

40 lactones with the carboxylic acid or anhydride thereof (Vlll-b) is conducted under the presence of oxygen and a po- 
lymerization inhibitor. 

[0146] No. 4 of the present invention VIII provides a method for the preparation of a carboxylic group-contained 
acrylate composition (a') modified by a small amount of lactones as described in any one of Nos. 1-3 of the present 
invention VIII, characterized in that 0.9-1.1 mol of the carboxylic acid or anhydride (Vlll-b) thereof is allowed to react 

45 with 1 mol of the hydroxy(meth)acrylate composition (a) modified by a small amount of lactones. 

[0147] The present inventor found out that the purpose of the present invention IX can be attained by using a resin 
composition comprising an acrylic polycarboxylic acid resin (A 1 ) containing a carboxylic group-contained acrylate com- 
position (a*) modified by a small amount of lactones as a polymerizing component and a polyoxide (IX-B), and the 
present invention has been completed. 

so [0148] That is, No. 1 of the present invention IX provides a curable resin composition comprising 10-70 parts by 
weight of an acrylic polycarboxylic acid resin (A 1 ) containing the carboxylic group-contained acrylate composition (a') 
modified by a small amount of lactones represented by the above-described general formula (VIII-3) in which a pro- 
portion of monomers having not less than 2 continuous chains (n^2) of lactones is less than 50% (GPC area %) as a 
polymerizing component and 10-80 parts by weight of a polyepoxide (IX-B). 

55 [0149] No. 2 of the present invention IX provides a curable resin composition as described in No. 1 of the present 
invention IX, characterized in that the carboxylic group-contained hydroxy (meth)acrylate composition (a*) modified by 
a small amount of lactones is obtained by allowing to react the hydroxyalkyl(meth)acrylate composition modified by a 
small amount of lactones represented by the above-described general formula (1) in which a proportion of monomers 



14 



EP 1 227 113 A1 

having not less than 2 continuous chains (n^2) of lactones is less than 50% (GPC area %) with the carboxylic acid or 
the anhydride thereof represented by the above-described general formula (VII I-2). 

[0150] No. 3 of the present invention IX provides a curable resin composition as described in No. 2 of the present 
invention IX, characterized in that the carboxyfic group-contained hydroxy(meth)acrylate composition (a 1 ) modified by 

5 a small amount of lactones is obtained by allowing to react 0.9-1 .1 mol of the carboxylic acid or the anhydride thereof 
with respect to 1 mol of the hydroxy(meth)acrylate composition (a) modified by a small amount of lactones. 
[0151] No. 4 of the present invention IX provides a curable resin composition as described in any one of Nos. 1-3 of 
the present invention IX, characterized in that the acrylic polycarboxylic acid resin (A') is a copolymer of 5-80% by 
weight of a carboxylic group-contained ethylenic unsaturated monomer with 20-95% by weight of an ethylenic unsatu- 

10 rated monomer not having carboxylic group, provided that the ratio of the carboxylic group-contained hydroxy(meth) 
acrylate composition (a*) modified by a small amount of lactones is 5-50% by weight in the acrylic polycarboxylic acid 
resin (A 1 ), and the copolymer has at least two carboxylic groups on average in the molecule and an acid value of 5-300 
mgKOH/g-solid and a number average molecular weight of 500-8000. 

[0152] No. 5 of the present invention IX provides a curable resin composition as described in anyone of Nos. 1-4 of 
is the present invention IX, characterized in that terminal carboxylic groups in the acrylic polycarboxylic acid resin (A') 
are an acrylic polycarboxylic acid resin (bA') blocked by a blocking group which can discharge carboxylic groups by 
heat and/or water. 

[0153] No. 6 of the present invention IX provides a curable resin composition as described in any one of Nos. 1-5 of 
the present invention IX, characterized in that the polyepoxide (IX-B) is an acrylic polyepoxide having an epoxy equiv- 

20 alent of 50-700 and a number average molecular weight of 200-10000. 

[0154] No. 7 of the present invention IX provides a curable resin composition as described in any one of Nos. 1-6 of 
the present invention IX, characterized in that the polyepoxide (IX-B) is a polyepoxide having hydroxyl group and an 
epoxy group which is obtained by copolymerization of 5-70% by weight of (i) a hydroxyl group-contained ethylenic 
unsaturated monomer having a structure represented by a formula (4) described below with 10-60% by weight of (ii) 

25 an epoxy group-contained ethylenic unsaturated monomer and optionally 0-85% by weight of (iii) an ethylenic unsatu- 
rated monomer not having an epoxy group, 



R 

CH 2 , °CCO-X-OH U) 
[in the formula, R is a hydrogen atom or a methyl group, and X is an organic chain shown by formula (5) described below, 

35 

-0-Y-(OCO-(CH 2 ) m -) q - (5) 

(in the formula, Y is a linear or branched alkylene group having a carbon number of 2-8, w m" is an integer of 3-7, and 
40 "q n is an integer of 0-4), 

or an organic chain shown by formula (6) described below, 

R 

- (0-CH 2 -CH-) n - (6) 

(in the formula, R is a hydrogen atom or a methyl group, and n is an integer of 2-50)]. 
50 [0155] No. 8 of the present invention IX provides a curable resin composition as described in any one of Nos. 1-7 of 

the present invention IX, and which further contains 0.1-10 parts by weight of an antioxidant (IX-C). 

[0156] No. 9 of the present invention IX provides a curable resin composition as described in any one of Nos. 1-8 of 

the present invention IX, and which further contains 5-70 parts by weight of a polyester polycarboxylic acid (IX-D) 

having an acid value of 30-350 mg-KOH/g-solid. 
55 [0157] No. 10 of the present invention IX provides a curable resin composition as described in any one of Nos. 1-9 

of the present invention IX, and which further contains 0.1-10 parts by weight of crosslinked resin particles (IX-E). 

[0158] No. 11 ofthe present invention IX provides a clear coating composition containing a curable resin composition 
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as described in any one of Nos. 1-10 of the present invention IX as a binder. 

[01 59] No. 1 2 of the present invention IX provides a method for coating which includes a step in which a water-based 
or a solvent-based base coating is coated on a substrate coated by under-coating or internally-coating; a step in which 
a clear coating composition of No. 1 in the present invention IX is coated on the base coating layer without curing; and 
a step in which a layer of the base coating and a layer of the clear coating are cured by heating. 
[0160] In the above descriptions, part is part by weight. 

[0161] The present inventor, as a result of an intensive investigation for attaining the purpose of the present invention 
X, found out that the above-described requirement can be satisfied by a polyester unsaturated monomer composition 
modified by a small amount of lactones, in which a proportion of monomers having not less than 2 continuous chains 
(n^2) of lactones is decreased by a large reaction molar ratio (the former mol number/the latter mol number) of a 
carboxylic group-contained polymerizable unsaturated monomer, and the present invention has been completed. 
[0162] That is, No. 1 of the present invention X provides a polyester unsaturated monomer composition modified by 
a small amount of lactones, in which a proportion of monomers having not less than 2 continuous chains (n^2) of 
lactones is less than 50% (GPC area %) with respect to total of polymerizable unsaturated monomers containing 
carboxylic group, and which are obtained by a ring-opening polymerization of a lactone monomer. 
[0163] No. 2 of the present invention X provides a polyester unsaturated monomer composition modified by a small 
amount of lactones as described in No. 1 of the present invention X, in which the polymerizable unsaturated monomers 
containing carboxylic group are at least one kind selected from a group consisting of a (meth)acrylic acid, itaconic acid, 
p-(meth)acryloyloxyethyl succinic acid, p - (meth)acryloyloxyethyl maleic acid, p-(meth)acryloyloxyethyl phthalic acid, 
maleicacid, a monoalkyl maleate {a carbon number in an alkyl group is 1-12), tetrahydrophthalicacid, and an anhydride 
thereof. 

[0164] No. 3 of the present invention X provides a polyester unsaturated monomer composition modified by a small 
amount of lactones as described in No. 2 of the present invention X, in which the polymerizable unsaturated monomers 
containing carboxylic group are a (meth)acrylic acid, and which is obtained by a reaction represented by formula (11) 
described below, 



R R 1 
I I 

CH=CCOOH 



R* 
I 

i 

R 8 

L oco J 



R R 1 R« 

If I 

C = CCOO ((OxCOO)ii-H 
I 

R 5 



(X-l) 



(in the formula, R and R 1 are independently a hydrogen atom or a methyl group, xn pieces of R 4 and R 5 are independ- 
ently a hydrogen atom or an alkyl group having a carbon number of 1-12, "x" is 4-7, "n" and "n" in the composition are 
0 or an integer of not less than 1 , and an average value of "n" in the composition is not less than 0.3 to less than 1 .0). 
[0165] No. 4 of the present invention X provides a polyester unsaturated monomer composition modified by a small 
amount of lactones as described in any one of Nos. 1-3 of the present invention X, in which the lactone monomer is a 
lactone having 5, 6, 7 and/or 8-members ring. 

[0166] No. 5 of the present invention X provides a polyester unsaturated monomer composition modified by a small 
amount of lactones as described in any one of Nos. 1-4 of the present invention X, in which the lactone monomer is 
E-caprolactone and/or valero lactone. 

[0167] No. 6 of the present invention X provides a polyester unsaturated monomer composition modified by a small 
amount of lactones as described in any one of Nos. 1-5 of the present invention X, characterized in that the proportion 
of monomers having not less than 2 continuous chains (n^2) of lactones is less than 40% (GPC area %). 
[0168] No. 7 in the present invention I provides a polyester unsaturated monomer composition modified by a small 
amount of lactones as described in any one of Nos. 1-6 of the present invention X, in which the content of residual 
lactone monomers is 0-10% by weight. 

[0169] No. 8 in the present invention X provides a polyester unsaturated monomer composition modified by a small 
amount of lactones as described in any one of Nos. 1-7 of the present invention X, in which the content of the residual 
polymerizable unsaturated monomers containing carboxylic group is more than 20% by weight and not more than 50% 
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by weight. 

[0170] No. 9 in the present invention X provides a polyester unsaturated monomer composition modified by a small 
amount of lactones as described in any one of Nos. 1-8 of the present invention X, in which the content of a di(meth) 
acrylate of the polymerizable unsaturated monomers containing carboxylic group which is a by-product is not more 
5 than 2% by weight. 

[0171] No. 1 0 in the present invention X provides a polyester unsaturated monomer composition modified by a small 
amount of lactone as described in any one of Nos. 1-9 of the present invention X t in which the content of by-products 
produced by side reactions such as a Michaels addition, an acrylic polymerization, a transesterification, and other side 
reactions is not more than 1 0% by weight. 
10 [0172] No. 1 1 in the present invention X provides a polyester unsaturated monomer composition modified by a small 
amount of lactone as described in any one of Nos. 1-10 of the present invention X, in which the amount of a catalyst 
to be employed in the ring-opening polymerization is less than 1000 ppm by weight based on total amount of materials 
to be fed. 

[0173] No. 12 in the present invention X provides a polyester unsaturated monomer composition modified by a small 
is amount of lactone as described in any one of Nos. 1-11 of the present invention X, in which a polymerization inhibitor 
is not more than 1% by weight based on total amount to be fed, which is employed for a (meth)acrylic acid in the ring- 
opening polymerization. 

[0174] No. 1 3 in the present invention X provides a method for the preparation of a polyester unsaturated monomer 
composition modified by a small amount of lactone, in which 0.3-less than 1 .0 mol of a lactone monomer is polymerized 

20 by ring-opening with respect to 1 mol of a radically polymerizable unsaturated monomers containing carboxylic group, 
and a proportion of monomers having not less than 2 continuous chains (n^2) of lactones is adjusted to less than 50%. 
[0175] No. 14 in the present invention X provides a method for the preparation of a polyester unsaturated monomer 
composition modified by a small amount of lactone as described in No. 13 of the present invention X, in which an acidic 
catalyst is a Lewis acid or a Br nsted acid. 

25 [0176] No. 1 5 in the present invention X provides an acrylic resin using a polyester unsaturated monomer composition 
modified by a small amount of lactone as described in any one of Nos. 1-12 of the present invention X. 
[0177] No. 16 in the present invention X is a method for the preparation of a polyester unsaturated monomer com- 
position modified by a small amount of lactone, characterized in that 0.3-less than 1 .0 mol of a lactone monomer is 
polymerized by ring-opening with respect to 1 mol of a radically polymerizable unsaturated monomers containing car- 

30 boxyiic group using a stannous halide, monobutyltin tris-2-ethy!hexanate, stannous octoate, dibutyltin dilaurate, or a 
mixture thereof as a catalyst, followed by separating unreacted radically polymerizable unsaturated monomers con- 
taining carboxylic group. 

[0178] No. 17 in the present invention X is a method for the preparation of a polyester unsaturated monomer com- 
position modified by a small amount of lactone as described in claim 85, in which the catalyst to be employed in the 

35 ring-opening polymerization is less than 1 000 ppm by weight based on total amount of materials to be fed. 

[0179] By the present invention, there can be prepared a polyester unsaturated monomer modified by a small amount 
of lactone having the same number of a radically polymerizable functional group as in the radically polymerizable 
unsaturated monomer having carboxylic group which is employed as a raw material, and in which an average addition 
amount of lactones is 0.35 to not more than 1.0 mol. 

40 [01 80] Particularly, in the case that there are employed, for example, acrylic acid and methacrylic acid as the radically 
polymerizable unsaturated monomer having carboxylic group, there can be prepared the polyester unsaturated mon- 
omer modified by a small amount of lactone which essentially contains 1 piece of a radically polymerizable functional 
group without producing a compound not having a radically polymerizable functional group at all and a compound 
having two or more pieces of a radically polymerizable functional group. 

45 [0181] The polyester unsaturated monomer modified by a small amount of lactone obtained has a reactive carboxylic 
group at one terminal thereof and, further, it has a feature that there is a radically polymerizable unsaturated group at 
a position which exists far apart from the carboxylic group. 

[01 82] Further, in the acrylic resin composition using the polyester unsaturated monomer modified by a small amount 
of lactone of the present invention, since tackiness can be removed by elevating Tg of the resin composition, it is 
50 particularly useful in an electric material field, etc. 

BRIEF DESCRIPTION OF DRAWINGS 

[0183] 

55 

Figure 1 shows an example of a continuous chain distribution of e-caprolactone obtained from a gel permeation 
chromatographic (GPC) analysis in Examples 1-4 and Comparative Examples 1-5. 

Figure 2 shows a relationship of feeding ratio of e -caprolactone/HEMA with a continuous chain distribution ratio 
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of e -caprolactone from a GPC analysis in Examples 5-6 and Comparative Examples 7-11. 

BEST MODE FOR CARRYING OUT THE INVENTION 

5 [0184] The present inventions I and II are illustrated hereinafter. 

[0185] The present invention I is comprised a hydroxyalkyl (meth)acrylate composition (a) modified by a small amount 
of lactones in which a proportion of monomers having two or more pieces (n^2) of lactone continuous chains is less 
than 50% (area % by GPC) which is represented by formula (1), and the composition (a) is a composition obtained by 
a method for the preparation in the present invention II, that is, a method in which a hydroxyalkyl (meth)acrylate is 

10 allowed to react with a lactone in a reaction molar ratio of more than 1 in the case of preparing the polylactone-modified 
hydroxyalkyl(meth)acrylate through allowing to react the hydroxyalkyl (meth)acrylate with a lactone monomer by ring- 
opening polymerization. In more detail, it relates to a composition obtained by allowing to react a lactone with a hy- 
droxyalkyl (meth)acrylate in an atmosphere containing oxygen under the presence of less than 1000 ppm of a catalyst 
and less than 1% of an inhibitor for preventing polymerization of the hydroxyalkyl(meth)acrylate at a temperature of 

15 approximately 80-140°C. 

[0186] In obtaining the composition (a) of the present invention, a reaction is conducted by feeding lactones at a 
feeding molar ratio of less than 1 mol with respect to the hydroxyalkyl(meth)acrylate such as hydroxyethylacrylate 
(HEA) and hydroxyethylmeth aery late (HEM A) in order to decrease lactone continuous chains. The catalyst to be em- 
ployed in the present invention is a variety of organic and inorganic metal compounds, and preferred catalysts are a 

20 tin-based compound such as stannous chloride, monobutyltin tris-2-ethylhexanate, stannous octoate, and dibutyltin 
dilaurate. By the catalysts, there can be prepared the caprolactone-modified hydroxyalkyl(meth)acry!ate composition 
in which the lactone continuous chains are decreased. In addition to decreasing the lactone continuous chains, although 
unreacted HEA and HEMA, etc. are remained, since the HEA and HEMA, etc. are often employed alone, if those are 
not more than 50% by weight, those can be often approved even though a mixed monomer. 

25 [0187] Heretofore, in the case that e-caprolactone is ring-opening polymerized on a compound having hydroxyl 
groups, although the ring-opening polymerization is conducted by adding a titanium-based catalyst such as tetrabutyl 
titanate, tetraethyl titanate, and tetrapropyl titanate at 130-230°C, even though intending to add e - caprolactone to a 
(meth)acrylate having hydroxyl group at temperature conditions of not less than 130°C, the (meth)acrylate itself causes 
a thermal polymerization, resulting in that it is difficult to obtain a desired product. 

30 [0188] In a temperature lower than 130°C, although there can be prevent the thermal polymerization of the (meth) 
acrylate itself, a ring-opening reaction rate of e-caprolactone becomes very slow. 

[0189] Since the titanium-based catalyst is relatively strong in catalytic activity, a desired product can be obtained. 
However, since the catalyst has a strong activity also as a catalyst for transesterification, a transesterification reaction 
proceeds during the ring-opening polymerization, resulting in that a polyvalent alcohol is removed from 2 mol of the 

35 hydroxyalkyl(meth)acrylate, and an alkyleneglycol di(meth)acryiate is by-produced. 

[0190] Since such the di(meth)acrylate has a high boiling point, it is difficult to be separated from a desired product. 
Moreover, if the desired product containing such a by-product is radically copolymerized in other (meth)acrylates and 
solvents, three dimensional crosslinking is caused in a resin, and viscosity is remarkably increased or it ends to cause 
gelation. For that reason, there is desired the use of a catalyst having a strong activity which allows to sufficiently 

^0 proceed the reaction at a low temperature such as 80-1 30°C and in a small amount and, moreover, during which the 
di(meth)acrylate is not produced so much by the transesterification reaction. 

[0191] As the catalyst to be employed in the present invention, there can be enumerated a stannous chloride, 
monobutyltin tris-2-ethyl hexanate, stannous octoate, and dibutyltin dilaurate, etc. Of those, since there can more 
decrease discoloration and the transesterification reaction by the use of monobutyltin tris-2-ethy I hexanate, concentra- 
45 tion of the catalyst can be elevated, and it is also very excellent in view of reduction of reaction time of period. 

[0192] Addition amount of the catalyst is 1-1000 ppm, and preferably (hereinafter, in this specification, "unpreferably" 
means "undesirably" or "unfavorably") 10-500 ppm. 

[0193] As the hydroxyalkyl (meth)acry late to be employed in the present invention, there are enumerated 2-hydrox- 
yethyl methacrylate, 2-hydroxyethylacrylate, hydroxypropylmethacrylate, hydroxypropylacrylate, 1 ,4-butyleneglycol 
so monomethacrylate, and 1 ,4-butyleneglycol monoacrylate, etc. 

[0194] In the case that 1 mol of a lactone is allowed to react with 1 mol of the hydroxyalkyl(meth)acrylate, a reaction 
product is obtained as a mixture of compounds represented by a formula described below (I-2) because a ring-opening 
reaction rate of the lactone to hydroxyl group in the hydroxyalkyl (meth)acrylate nearly equals to a ring-opening reaction 
rate of the lactone to hydroxyl groups at terminals in a caprolactone which is a product. 

55 



18 



EP 1 227 113 A1 



* R R 1 R 2 R 4 

III I 

CH=CCOO- (C) i-O (CO (C) xO) n-H (1-2) 
5 II 

R a R* 

(in the formula, R, R 1 , R 2 , and R 3 are independently a hydrogen atom or a methyl group, "J" is an integer of 2-6, xn 
10 pieces of R 4 and R 5 are independently a hydrogen atom or an alkyl group having a carbon number of 1-12, M x w is 4-7, 
"n" is 0 or an integer of not less than 1 , and an average value of "n M in the composition is not less than 0.3 to less than 1 .0) 
[0195] In the above-described reaction composition, there statistically distributes an unreacted product having n=0 

and polycaprolactones having n=1 , 2, 3, 4, 5 Herein, it is preferred that n is not more than 2, and an average value 

of "n" in the reaction composition is not less than 0.3 to less than 1 .0, preferably 0.35 to less than 1 .0 and, particularly, 
is preferably 0.5 to 0.75. 

[0196] In the case that the average value of "n" is less than 0.3, adhesion to various materials becomes unpreferably 
insufficient and, in the case of not less than 1, tackiness becomes too unpreferably strong. 

[0197] In the case that the mol number of the lactone is not less than 1 mol, there are prepared products having two 
or more lactone continuous chains and the purpose of the present invention cannot be unpreferably attained. However, 

20 since the products cannot be separately refined in an industrial fashion, the amount of lactone to be fed is decreased 
to less than 1 with respect to 1 mol of the hydroxyalkyl(meth)acrylate in order to decrease the amount of the products 
having two or more lactone continuous chains. The lactone is allowed to react in not less than 0.3 mol to less than 1 .0 
mol, preferably not less than 0.35 mol to less than 1 .0 mol, and more preferably not less than 0.5 mol to less than 0.75 
mol with respect to 1 mol of the hydroxy alky l(meth)acry late. In the case of a large amount of the lactone in the reaction, 

25 there are produced a large amount of products having long chains of the lactone and, resulting in that the average 
value of "n" becomes too large and although a reaction curability and flexibility are improved in the use as raw materials 
for a coating, there lower hardness and acid resistance in a cured article. Contrarily, it is less than 0.3, the average 
value of "n" becomes too small and abrasion resistance becomes unpreferably too worse. 

[0198] Further, as the lactone, there can be employed e-caprolactone, trimethylcaprolactone, 5-valerolactone, y- 
30 butyrolactone, and a mixture thereof. 

[0199] Reaction temperature is 80-150°C, and preferably 100-140°C. 

[0200] In the case of lower than 80°C, reaction rate is slow and, in the case of higher than 150°C, there is caused 
a thermal polymerization of a (meth)acrylate during the reaction, and gelation is possibly caused. In a reaction system, 
a polymerization inhibitor is preferably added. As the polymerization inhibitor, there are employed hydroquinone, hy- 

35 droquinone monomethylether, and phenothiazine, etc. in a range of 0.01-1%, and preferably 0.03-0.5%. 

[0201] In the reaction system, if an inert gas such as nitrogen is streamed, since a radical polymerization is apt to 
be caused, it is useful that any gases are not streamed or air is streamed in order to prevent the radical polymerization. 
[0202] In the hydroxyalkyl(meth)acrylate composition modified by a small amount of lactones prepared by a method 
in the present invention, the content of residual lactones is 0-10% by weight, the content of the residual hydroxyalkyl 

40 (meth)acrylate is not less than 20 and not more than 50% by weight at most, the content of the di(meth)acrylate which 
is a by-product is 2% or less by weight, the content of the by-products by a Michaels addition, a (meth)acrylic polym- 
erization, a transesterification, or other side reactions is not more than 10% by weight, the content of the catalyst is 
less than 1000 ppm, and the content of the polymerization inhibitor is not more than 1% by weight. 
[0203] The lactone-modified acrylate composition having hydroxyl group of the present invention can provide an 

45 acrylic polyol of the present invention having rich flexibility which is excellent in reactivity with a crosslinking agent by 
allowing to polymerize alone or copolymerize with other radically-polymerizable monomers. 

[0204] Further, the acrylic polyol resin of the present invention is useful as a raw resin for a flexible polyfunctional 
(meth)acrylate resin coating which includes urethane bonds by allowing to react the acrylic polyol resin of the present 
invention with polyisocyanates. The acrylic polyol resin of the present invention, as described hereinabove, can be 

50 utilized as a raw material for, in addition to the coating, a photo-curable resin, a reactive diluent for the photo-curable 
resin, a flexibility modifier for an AS and an ABS resin, an acrylic resin, a tackifier, an adhesive, a flexible lens for a 
glass, an acrylic emulsion (particularly, a reaction type one), a reactive diluent having flexibility instead of styrene in 
an unsaturated polyester resin, and also materials for a polymerizable polyurethane elastomer, etc. 
[0205] As the other radically-polymerizable monomers for copolymerizing with the lactone-modified acrylate or meth- 

55 acrylate composition having hydroxyl groups of the present invention, there are enumerated an unsaturated monomer 
having an isocyanate group, a polymerizable monomer having an active hydrogen, and other polymerizable unsatu- 
rated monomers. 

[0206] The other polymerizable unsaturated monomers are exemplified below. 
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[0207] As (meth)acrylates, for example, there are enumerated an alkyl or cycloalkyl ester having a carbon number 
of 1-20 of a (meth)acrylic acid such as methyl(meth)acrylate, ethyl(meth)acrylate, propyi(meth)acrylate, butyl(meth) 
acrylate, 2-ethylhexyl(meth)acrylate, octyl(meth)acrylate, lauryl (meth)acrylate, cyclohexyl(meth)acrylate, isobonyl 
(meth)acrylate, and adamantyl(meth)acrylate; an alkoxyalkyl ester having a carbon number of 2-8 of a (meth)acrylic 
acid such as methoxybutyl (meth) acrylate, methoxyethyl (meth)acrylate, and ethoxybutyl(meth)acrylate. 
[0208] As other monomers except the (meth)acrylates, glycidyl(meth)acrylate; styrene, a-methylstyrene, vinyltolu- 
ene, (meth)acrylonitrile, (meth)acrolein, butadiene, isoprene, (meth)acrylic acid, etc., and these can be employed in 
mixing. 

[0209] As the polymerizable monomer having an active hydrogen, there are enumerated a vinyl monomer having 
hydroxyl group and a vinyl monomer having amino group, these can be employed in mixing. 

[0210] As the (meth)acrylate having hydroxyl group, for example, there are enumerated a hydroxyalkyl ester of a 
(meth)acrylic acid having a carbon number of 2-8 such as 2-hydroxylethyl(meth)acryiate and 2-hydroxypropyl(meth) 
acrylate, 2-hydroxylethyl vinylether, N-methylol(meth)acrylic amide, Alonix 5700 manufactured by Toa Gosei Kagaku 
Kogyo, Ltd., 4-hydroxy styrene, HE-10, HE-20, HP-10, and HP-20 (all of those are an acrylate oligomer having hydroxyl 
group at a terminal) which are manufactured by Nihon Shokubai Kagaku Kogyo, Ltd., Blemmer PP series (a polypro- 
pyleneglycol methacrylate), Blemmer PE series (a polyethyleneglycol monomethacrylate), Blemmer PEP series (a 
polyethyleneglycol-polypropylenegiycol methacrylate), Blemmer AP-400 (a polypropyleneglycol monoacrylate), Blem- 
mer AE-350 (a polyethyleneglycol monoacrylate), Blemmer NKH-5050 (a polypropyleneglycol polytrimethylene 
monoacrylate), and Blemmer GLM (glycerol monoacrylate) which are manufactured by Nihon Yushi, Ltd., and an e- 
caprolactone-modified hydroxyalkylvinyl monomer which is obtained by a reaction of a vinyl compound having hydroxyl 
group with e-caprolactone, etc. 

[021 1] As typical examples of the e-caprolactone-modified hydroxyalkylvinylmonomer, there are enumerated Placcel 
FA-1 , Placcel FA-4, Placcel FM-1 , and Placcel FM-4. etc. which are manufactured by Daicel Kagaku Kogyo, Ltd., TONE 
M-100 and TONE M201 which are manufactured by UCC, Ltd., etc., and an average polymerization degree "n" is not 
less than 1. 

[021 2] As typical examples of the vinyl monomer having amino group, there are enumerated a variety of dialkylami- 
noalkyl(meth)acrylates such as dimethylaminoethyl(meth)acrylate, diethylaminoethyl (meth)acrylate, diethylaminopro- 
pyl(meth)acrylate, and dimethylaminopropyl(meth)acrylate; N-dialkylaminoalkyl(meth)acrylic amides such as N- 
dimethylaminoethyl (meth)acrylic amide, N-diethylaminoethyl(meth)acrylic amide, N-dimethylaminopropyl(meth)acryl- 
ic amide, and N-diethylaminopropyl(meth)acrylic amide; t-butylaminoethyl(meth)acrylate, t-butylaminopropyl(meth) 
acrylate, azilidinylethyl(meth)acrylate pyrolidinylethyl(meth)acrylate, piperidinylethyl(meth)acrylate, vinylpiridine, and 
aminoethylvinylether, etc. and, the dialkylaminoalkyl (meth)acrylates and N-dialkylaminoalkyl(meth)acrylic amides are 
particularly preferred from a viewpoint of curability, etc. 

[021 3] As the monomer having isocyanate group, for example, there are enumerated isocyanate ethy!(meth)acrylate, 
isocyanate propyl(meth)acrylate, isocyanate butyl(meth)acrylate, isocyanate hexyl(meth)acrylate, m-isopropenykx, 
a'-dimethylbenzyl isocyanate, and m-ethylenyl-a, a'-dimethyl benzyl isocyanate, etc., and an unsaturated compound 
obtained by addition of a polyisocyanate such as hexamethylene diisocyanate compound to the above-described po- 
lymerizable monomer having an active hydrogen such as the hydroxyethyl(meth)acrylate, and these can be employed 
in mixing. 

[0214] The above-described radically-polymerizable monomers can be also employed in mixing and, those are se- 
lectively employed according to desired physical properties. 

[021 5] The acrylic polyol resin of the present invention is prepared by radically-polymerizing the polylactone-modified 
hydroxyalkylacrylate or methacrylate of the present invention and the above-described radically-polymerizable mon- 
omers under the presence of a radical polymerization initiator by publicly-known solution polymerization methods. 
[0216] As the radical polymerization initiator, there can be employed a peroxide initiator such as benzoyl peroxide, 
t-butylhydroperoxide, cumylhydroperoxide, cumenhydroperoxide, t-butyl peroxybenzoate, and t-butylperoxy-2-ethyl- 
hexanoate, and an azo-based initiator such as azobisisobutyronitrile and azobisdimethylvaleronitrile. 
[021 7] As solvents for polymerization to be employed in the solution polymerization, if those are a nonreactive solvent, 
there can be employed hydrocarbons (benzene, toluene, xylene, n-hexane, and cyclohexane, etc.), acetates (ethyl 
acetate, propyl acetate, and butyl acetate, etc.), alcohols (methanol, ethanol, isopropanol, and n-butanol, etc.), ethers 
(ethyl cellosolve, butyl cellosolve, and cellosolve acetate, etc.), ketones (methylethylketone, acetoethyl acetate, acety- 
lacetone, diacetone alcohol, methyl isobutyl ketone, and acetone, etc.) without any limitation. The solvents may be 
employed solely or in combination of two or more kinds. 

[0218] As a reaction vessel to be employed for the above-described polymerization, there are preferably employed 
a reaction vessel equipped with an agitation and a reflux condenser equipped with a drying tube and a twin-screw 
extruder. 

[0219] Polymerization temperature and polymerization time of period depend upon respective kinds and feeding 
ratio of the polylactone-modified hydroxyalkyl acrylate or methacrylate composition of the present invention and the 
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above-described radically-polymerizable monomer, kind and amount of the catalyst and, further, reaction vessels, and 
those are hot particularly limited, and those are appropriately decided by the use of a desired acrylic resin, for example, 
physical properties of a coating layer to be required in the case of a coating. 
[0220] Hereinafter, the present invention III is illustrated. 

5 [0221] The present invention III is a curable resin composition containing an acrylic polyol resin (A) obtained using 
a hydroxyalkyl (meth) acrylate composition (a) modified by a small amount of lactones in which a proportion of mon- 
omers having not less than 2 continuous chains (n^2) of lactones is less than 50% (GPC area %), which is represented 
by the above-described general formula (I) as polymerizing components, and a melamine resin (B). 
[0222] The hydroxyaIkyl(meth)acrylate composition (a) modified by a small amount of lactones is as illustrated in the 

10 present invention I. 

[0223] The acrylic poiyol resin (A) to be employed in the present invention is comprised 5-70 parts by weight of the 
hydroxyalkyl (meth)acrylate composition (a) modified by a small amount of lactones, 0-90 parts by weight of an alkyl 
(meth)acrylate having an alkyl group of a carbon number of 1-20, 0-30 parts by weight of a (meth)acrylic acid, and 
0-40 parts by weight of other polymerizable unsaturated monomer. As the other polymerizable unsaturated monomer, 
15 there are enumerated radically-polymerizable monomers other than the alkyl{meth)acrylate as exemplified in the 
present invention I. Conditions for the preparation thereof are as illustrated in the present invention I. 
[0224] In the acrylic polyol resin (A), hydroxyl value is 5-250, and a number average molecular weight is 
3,000-300,000. 

[0225] As the melamine resin (B) to be employed in the present invention, there can be employed a usual melamine 
20 resin for coating without any modification, and an imino type or methylol type melamine resin is employed. Since an 
isocyanate compound is not employed as a curing agent, it is excellent in handling and safeness. The imino type or 
methylol type melamine resin is not particularly limited, and as a resin capable of reacting with hydroxyl group, if it is 
a melamine to be employed for a coating system in which hydroxyl group is employed as a functional group, it is not 
particularly limited. As such the imino type melamine resin, for example, there are enumerated Yuban 22R (solid content 
25 of 60%), Yuban 21 R (solid content of 50%), and Yuban 2028 (solid content of 75%) (all of those are an imino type 
melamine resin), etc. which are manufactured by Mitsui Kagaku. On the other hand, as the methylol-type melamine 
resin, there can be employed a melamine resin having a condensation degree of 1.1-20 or so which is prepared by 
melamine, formaldehyde, a monoalcohol having a carbon number of 1-4, and optionally, water which are raw materials. 
For example, there are enumerated Yuban 60R (solid content of 50%) manufactured by Mitsui Kagaku and Super- 
30 bekkamine L-1 21 -60 (solid content of 60%) manufactured by Dainippon Ink Kagaku Kogyo, Ltd. 

[0226] The curable resin composition of the present invention contains 0.5-80 parts by weight of the acrylic polyol 
resin (A) obtained using the composition (a) and 0.5-50 parts by weight of the melamine resin (B) . Total of the (A) and 
the (B) does not exceed 100 parts by weight. 

[0227] In the case that the acrylic polyol resin (A) is less than 0.5 part by weight, bending resistance becomes insuf- 
35 ficient and, in the case of exceeding 80 parts by weight, abrasion resistance unpreferably lowers. In the case that the 
melamine resin (B) is less than 0.5 part by weight, solvent resistance is not sufficient and, in the case of exceeding 50 
parts by weight, acid resistance becomes unpreferably insufficient. 

[0228] By another representation of the use ratio of the acrylic polyol resin (A) with respect to the melamine resin 
(B), 60-1 0% by weight of the melamine resin (B) is employed together with 40-90% by weight of the acrylic polyol resin 

40 (A). In the case that the use ratio of the acrylic polyol resin (A) is less than 40% by weight, a self condensation reaction 
of the melamine resin (B) itself increases, resulting in that a coating layer becomes brittle and, for example, it does not 
become appropriate as a coating for a molded article of a polyolefine-based resin. On the other hand, in the case that 
the use ratio of the acrylic polyol resin (A) exceeds 90% by weight, crosslinking becomes insufficient, and solvent 
resistance and weatherability lower. A preferred use ratio of the acrylic polyol resin (A) is 60-80% by weight, and the 

45 use ratio of the melamine resin (B) is 40-20% by weight. 

[0229] In the the acrylic polyol resin (A), the melamine resin (B), and the acidic catalyst for curing which is optionally 
employed in the present invention, total acid value is 5-50, and preferably 15-35. In the case that the total acid value 
is less than 5, crosslinkable reactivity lowers and crosslinking becomes insufficient, and there lower gasoline resistance 
and weatherability. On the other hand, in the case that the total acid value exceeds 50, storage stability lowers, and 

so water resistance lowers. As described above, by controlling the acid value, a coating composition can be modified to 
low temperature curability. 

[0230] In order to give an acid value to the acrylic polyol resin (A), a monomer having carboxylic group and a phos- 
phoric acid group is employed together as the polymerizable vinyl monomer to introduce the acid groups into the acrylic 
polyol resin (A). Further, adjustment of the acid value can be conducted by formulating the acidic catalyst for curing 
55 into a coating composition. As such the acidic catalyst for curing, a weak acidic catalyst for curing is employed. As 
such the weak acidic catalyst for curing, for example, there are enumerated phosphoric acids, a monophosphate, a 
monophosphite, a phosphate containing an unsaturated group, and carboxylic acids, etc. As such the weak acidic 
catalyst for curing, phosphoric acids and phosphates thereof are particularly preferred. As such the phosphoric acids 
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and phosphates thereof, for example, there are enumerated a phosphoric acid, a pyrophosphoric acid, and a mono or 
diphosphate, etc. As the monophosphate, for example, there are enumerated monooctyl phosphate, monopropyl phos- 
phate, and monolauryl phosphate, etc. As the diphosphate, for example, there are enumerated dioctyl phosphate, 
dipropyl phosphate, and diraulyl phosphate, etc. Further, mono(2-(meth)acryloyloxyethyl)acid phosphate is enumer- 

5 ated. Still further, there may be even employed a compound obtained by allowing to react a compound having an acid 
anhydride group with a polyol or an alcohol. Besides, an oligomer having an acid value may be also blended. In the 
case, as a method for introducing an acid value into the acrylic polyol resin (A) and other oligomers, for example, there 
is a method in which there is employed a polymerizable vinyl monomer having carboxylic group or a phosphoric acid 
group in the case of graft-polymerizing or (co)polymerizing. It is to be noted that the carboxylic group or the phosphoric 

10 acid group preferably exists at not less than 10 atoms-apart position from a main chain of the oligomer, whereby, it 
readily reacts at a low temperature. 

[0231] The acidic catalyst for curing is employed in the amount of 0.001-10% by weight, and preferably 0.001-5% 
by weight based on total weight of the acrylic polyol resin (A) and the melamine resin (B). 

[0232] The coating composition of the present invention is modified to a coating composition without any modification 
15 or by appropriately formulating, optionally, a variety of additives which are conventionally employed in a coating field, 
for example, coloring pigments, extender pigments, an aluminum powder, a pearl mica powder, an anti-dropping agent 
or an anti-sedimentation agent, a levelling agent, a dispersant, a defoaming agent, an ultraviolet ray absorbent, a 
photo-stabilizer, an antistatic agent, and a thinner, etc. 

[0233] As the coloring pigments, for example, there are enumerated inorganic pigments such as titanium oxide (for 
20 example, titanium oxide pigments, TaipekCR-95 (manufactured by Ciba Geigy, AG)), carbon black, iron oxide, iron red, 
lead molybdenum acid, chromium oxide, and lead chromate, phthalocyanine pigments such as phthalocyanine blue 
and phthalocyanine green, organic pigments such as quinaklidone red, azo pigments, and anthraquinone pigments, etc. 
[0234] As the extender pigments, for example, there can be employed kaoline, talc, silica, mica, barium sulphate, 
and calcium sulphate, etc. As the anti-dropping agent or an anti-sedimentation agent, for example, there can be pref- 
25 erably employed bentonite, a linseed oil wax, an amide wax, micro gel (for example, MG100S (manufactured by Dain- 
ippon Ink)), and an aluminum acetate, etc. 

[0235] As the levelling agent, for example, there can be preferably employed a silicone-based surface active agent 
such as KF69, Kp321 , and Kp301 (hereinabove, manufactured by Shin-etsu Kagaku), Modaflow (a surface controlling 
agent manufactured by Mitsubishi Monsant), BYK301, and 358 (manufactured by Bickchemie Japan), and Diaaide 
30 AD9001 (manufactured by Mitsubishi Rayon), etc. 

[0236] As the dispersant, for example, there can be preferably employed Anti-Terra U or Anti-Terra P and Disperbyk- 
101 (hereinabove, manufactured by Bickchemie Japan), etc. 

[0237] As the defoaming agent, for example, there can be preferably employed BYK-0 (manufactured by Bickchemie 
Japan), etc. 

35 [0238] As the ultraviolet ray absorbent, for example, there can be preferably employed a benzotriazole-based ultra- 
violet ray absorbent such as Tinuvin 900, Tinuvin 384, and Tinuvin P (hereinabove, manufactured by Ciba Geigy), an 
anilide oxalate-based ultraviolet ray absorbent such as Sandbar 3206 (manufactured by Sand), etc. 
[0239] As the photo-stabilizer, for example, there can be preferably employed a hindered amine-based photo-stabi- 
lizer such as Sanol LS292 (manufactured by Sankyo) and Sandbar 3058 (manufactured by Sand), etc. 

40 [0240] As the thinner, for example, there can be preferably employed an aromatic compound such as toluene, xylene, 
and ethylbenzene, alcohols such as methanol, ethanol, propanol, butanol, and isobutanol, ketones such as acetone, 
methylisobutyl ketone, methylamyl ketone, cyclohexanone, isophorone, and N-methylpyrrolidone, ester compounds 
such as ethyl acetate, butyl acetate, and methylcellosolve, or a mixture thereof, etc. As the antistatic agent, for example, 
there can be preferably employed Esocard C25 (manufactured by Lion Armer), etc. In the case of preparing the coating 

45 composition of the present invention, there are mixed the acrylic polyol resin (A), the melamine resin (B), and optionally, 
additives such as acidic catalysts and pigments, and uniformly dispersed by a dispersing machine such as a sandgrind 
mill, a ball mill, and an atlighter to prepare (a curable coating composition) of the present invention. 
[0241] As a method for coating the curable coating composition (a coating composition) of the present invention, an 
article to be coated is coated using a publicly-known dewaxing cleaning apparatus, for example, after dewaxing by an 

50 organic solvent such as 1,1 ,1-trichloroethane, cleaning by an alkali, cleaning by an acid, wiping by a solvent, etc., 
further, optionally, in order to further elevate an adhesive power of a coating to the article to be coated, for example, 
the coating composition of the present invention is directly coated by an air-spraying coating method and an airless 
coating method after coating a primer such as Primac NO. 1500 (manufactured by Nihon Yushi), and optionally, it is 
set for 0.5-120 minutes, and preferably 1-20 minutes, and thermally cured (baked) at a low temperature of 90-140°C, 

55 and preferably 100-120°C. 

[0242] A clear coating may be coated onto a base coat coating which is an under layer by a wet-on-wet method. In 
the present invention, since curing can be conducted at a low temperature of not more than 140°C by the above- 
described construction, it does not give a damage even on a polyolefine-based resin molded article, and there can be 
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formed a coating layer having excellent properties of a coating layer. 

[0243] In the case that a primer is coated, layer thickness after drying is generally 3-20um, and preferably 5-15ujn. 
Further, layer thickness after drying of the clear coat coating is generally 15-45u.m, and preferably 20-35u,m. As a 
method for the coating composition of the present invention, there are enumerated a 2-coat/1 -baking type coating 

5 method and 3-coat/2-baking type coating method, etc. 

[0244] Herein, the 2-coat/1 -baking type is one of coating methods by an over coating and, first of all, there is coated 
a base coat coating in which pigments and/or metal powder are formulated in a large amount and, there is coated a 
transparent clear coating or a top coating which is a color clear coating containing a small amount of pigments, and 
those coatings are simultaneously baked. 

10 [0245] In the case of the 2-coat/1 -baking type coating method, as a base coat, a usual coating composition is em- 
ployed and, the coating composition of the present invention can be employed as a top coat. 

[0246] In the case of the 3-coat/2-baking type coating method, there is coated and baked a coating in which there 
are formulated pigments, dyes, and metal powder and, there is further coated thereon and baked a base coat in which 
there are formulated pigments, dyes and/or metal powder, and then, there is coated thereon and collectively baked a 
is transparent clear coating or a top coat which is a color clear coating containing a small amount of pigments or dyes. 

IV. 

[0247] Hereinafter, the present invention IV is illustrated. 

20 [0248] The melamine curable type water-based coating composition of the present invention IV is comprised 5-60 
parts by weight of an acrylic polyol resin (A) and 10-60 parts by weight of an amino-plasto resin (IV-B), and preferably, 
10-50 parts by weight of an acrylic polyol resin (A) and 20-40 parts by weight of an amino-plasto resin (IV-B). The 
acrylic polyol resin (A) to be employed in the present invention can provide an acrylic polyol resin (A) which is excellent 
in a reactivity with a crosslinking agent and rich in flexibility by allowing to polymerize alone the hydroxyalkyl(meth) 

25 acrylate composition (a) modified by a small amount of lactones represented by the above-described general formula 
(1) or to copolymerize with other radically-polymerizable monomers, and it can be employed as a material for the 
melamine curable type water-based coating composition of the present invention. 

[0249] As other radically-polymerizable monomers for copolymerizing with the hydroxya Iky l(meth)acry late compo- 
sition (a) modified by a small amount of lactones in the present invention, there can be employed at least one or more 
30 kinds selected from the group consisting of (b) - (i) described below. 

(b) a polymerizable monomer containing an active hydrogen. 

(c) an N-alkoxymethyl{meth)acrylic amide having an alkyl group of a carbon number of 1-6. 

(d) an alkyl(meth)acrylate having an alkyl group of a carbon number of 1-20. 

35 (e) an aliphatic or cycloaliphatic vinyl monomer having a carbon number of 2-12. 

(f) an aromatic vinyl monomer. 

(g) an adduct of a glycidyl ester of a (meth)acrylic acid with a fatty acid having a carbon number of 8-20. 

(h) an adduct of a (meth)acrylic acid with an monoepoxy compound having a carbon number of 8-20. 

(i) an unsaturated monomer containing an isocyanate group. 

40 

[0250] As the polymerizable monomer containing an active hydrogen (b), there are enumerated a (meth)acrylate 
having hydroxyl group, a (meth)acrylate having amino group, and oc,p~ethylenic unsaturated carboxylic acid (b), etc., 
which are described hereinafter. 

[0251] As the (meth)acrylate having hydroxyl group, for example, there are enumerated hydroxyalkyl(meth)acrylates 
45 having a carbon number of 2 - 8 such as hydroxyethy l(meth)acrylate, hydroxypropyl (meth)acrylate, and 4 -hydroxy butyl 
(meth)acrylate, and those can be employed in mixing. 

[0252] As the (meth) acrylate having amino group, for example, there are enumerated amino alkyl esters such as 
dimethylaminoethyl (meth)acrylate, diethylaminoethyl(meth)acrylate, (meth)acryiic amide, and N-isopropylmethyl 
(meth)acrylic amide, etc. 

so [0253] Further, N,N-dimethylaminoethyl(meth)acrylate and dimethyl(meth)acrylic amide, etc. are employed together. 
[0254] As the a,p-ethylenic unsaturated carboxylic acid, there are enumerated ethylenic unsaturated carboxylic acids 
such as acrylic acid, methacrylic acid, crotonic acid, maleic acid (anhydride), itaconic acid (anhydride), and fumaric acid. 
[0255] As theN-alkoxymethyI(meth)acrylic amide (c) having an alkyl group of a carbon number of 1-6, there are 
enumerated N-methoxy(meth)acrylic amide, N-ethoxymethyl(meth)acrylic amide, N-butoxymethyl(meth)acrylic amide, 

55 etc., and N-methoxymethyl acrylic amide is preferred. Further, use amount thereof is 1-25% by weight in a water-based 
acrylic resin. In the case of less than 1 % by weight, water resistance of a coating layer becomes insufficient because 
of lack of curability and, in the case of not Jess than 25% by weight, adhesion and processability are poor, and an 
aesthetic market value lowered because of a remarkable discoloration in a coating layer. 
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[0256] As the alkyl(meth)acrylate (d) having an alkyl group of a carbon number of 1-20, for example, there are enu- 
merated an alkyl or cycloalkyl(meth)acrylate having a carbon number of 1-20, such as methyl(meth)acrylate, ethyl 
(meth)acrylate, propyl(meth)acrylate, butyl(meth)acrylate, 2-ethylhexyl(meth)acrylate, octyl(meth)acrytate, lauryl 
(meth) acrylate, cyclohexyl(meth)acrylate, isobonyl(meth)acrylate, and adamantyl(meth)acrylate. As alkoxyalkylester 
(d') having an alkyl group of a carbon number of 2-8, there are enumerated methoxybutyl (meth)acrylate, methoxyethyl 
(meth)acrylate, and ethoxybutyl (meth)acrylate. 

[0257] As the aliphatic or cycloaliphatic vinyl monomer (e) having a carbon number of 2-12, there are enumerated 
(meth)acrylonitrile and (meth)acrolein; butadiene and isoprene; vinyl esters or isopropenyl esters such as vinylacetate, 
vinylpropionate and isopropenyl acetate; vinylethers such as ethyl vinylether, butyl vinylether, cyclohexyl vinylether, 
and phenylvinyl ether. 

[0258] As the aromatic vinyl monomer (f), there are enumerated styrene, a-methylstyrene, and vinyl toluene, etc. 
[0259] As the glycidyl ester (g) of a (meth)acrylic acid, for example, there is enumerated a glycidyl(meth)acrylate, etc. 
[0260] As the adduct (g') of a glycidyl ester of a (meth)acrylic acid with a fatty acid having a carbon number of 8-20, 
there is enumerated an adduct of a glycidyi(meth)acrylate with a fatty acid having a carbon number of 8-20 such as 
oleic acid, lauhc acid, and stearic acid. 

[0261] As the adduct (h) of a(meth)acrylic acid with an monoepoxy compound having a carbon number of 8-20, there 
is enumerated an adduct of a (meth)acrylic acid with Kardula E10 (a glycidyl ester of a branched higher fatty acid 
manufactured by Shell Chemicals, Ltd.). 

[0262] As the monomer (i) containing an isocyanate group, for example, there are enumerated isocyanate ethyl 
(meth)acrylate, isocyanate propyl(meth)acrylate, isocyanate butyl(meth)acrylate, isocyanate hexyl(meth)acrylate, m- 
isopropenyl-a.a'-dimethylbenzyi isocyanate, and m-ethylenyi-a.a'-dimethy I benzyl isocyanate, etc., and further, an un- 
saturated compound in which a polyisocyanate compound such as hexamenthylene diisocyanate is added to the above- 
described polymerizable monomer containing an active hydrogen such as hydroxyethyl(meth)acrylate and, those can 
be employed in mixing. 

[0263] The above components (b)-(i) can be employed by mixing of one or more kind in or between respective 
components. 

[0264] In the acrylic polyol resin (A), for example, there can be preferably employed 3-40% by weight of the hydroxy- 
alkyl (meth)acrylate composition (a) modified by a small amount of lactones, 1-20% by weight of the a,(3-unsaturated 
carboxylic acid, 1 -25% by weight of the N-atkoxymethyl (meth) aery latehaving an alkyl group of a carbon number of 1 -6, 
and the aromatic vinyl monomer and the alkyl(meth)acrylate in the residual amount which is that 1 00% by weight minus 
total amount of the above. 

[0265] In the acrylic polyol resin (A), for example, preferably, a number average molecular weight is 2,000-50,000, 
a hydroxy! value is 10-150 mg-KOH/g, and Tg point is 0-60°C. 

[0266] The acrylic polyol resin (A) to be employed in the present invention is as illustrated in the present invention I. 
Amino-plasto resin (IV-B) 

[0267] Melamine resin (j) is at least one kind of a guanamine resin (k) selected from the group consisting of benzo- 
guanamine, spyroguanamine, acetoguanamine, and phthaloguanamine; and/or a melamine-guanamine cocondensa- 
tion resin (I), and it is partially etherized by a monovalent alcohol having a functional group of a carbon number of 1-6. 
[0268] As the alcohol, for example, there is employed an alkyl alcohol having a carbon number of 1-4 such as meth- 
anol, ethanol, n-propanol, isopropanol, n-butanol, and isobutanol, etc., alone or in mixing. 

[0269] Specifically, there are enumerated a methyletherized methylol melamine resin, a methyletherized methylol 
benzoguanamine resin, a methyletherized melamine-benzoguanamine cocondensation resin, a butyletherized meth- 
ylol melamine resin, a butyletherized methylol benzoguanamine resin, and a methoxy-ethoxy mixed etherized benzo- 
guanamine resin, etc. Of those, there are particularly preferred the methyletherized, and methoxy-ethoxy mixed eth- 
erized or methoxy-ethoxy mixed etherized melamine-benzoguanamine copolymerized resin from a viewpoint of retort 
resistance and processability. 

[0270] The melamine curable type water-based coating composition of the present invention is comprised 5-60 parts 
by weight of an acrylic polyol resin (A) and 10-60 parts by weight of an amino-plasto resin (IV-B), and preferably, 10-50 
parts by weight of an acrylic polyol resin (A) and 20-40 parts by weight of an amino-plasto resin (IV-B) . In the case 
that the acrylic polyol resin (A) is less than 5 parts by weight, hardness of a coating layer remarkably lowers and, in 
the case of exceeding 60 parts by weight, retort resistance is un preferably deteriorated. In the case that the amino- 
plasto resin (IV-B) is less than 10 parts by weight, curability lowers and, in the case of exceeding 60 parts by weight, 
processability unpreferably lowers. 

[0271] The alkyletherized melamine resins are employed in an amount of 5-40% by weight in an over coat coating. 
In the case that the amount of the alkyletherized melamine resins is less than 5% by weight, a crossslinking reaction 
does not sufficiently proceed, and there lower solvent resistance and acid rain resistance. Further, in the case of ex- 
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ceeding 40% by weight, flexibility lowers in a coating layer, and there lowers bending resistance and impact resistance. 
In the case that the alkyletherized melamine resins alone are employed as a crosslinking agent, the alkyletherized 
melamine resins are employed in an amount of 20-40% by weight in an over coat coating. In the case of being less 
than 20% by weight, a crosslinking reaction does not sufficiently proceed, and there lower solvent resistance and acid 
5 rain resistance. 

[0272] It is to be noted that it is preferred to optionally employ together a blocked polyisocyanate compound as a 
crosslinking agent. 

[0273] By the use thereof, use amount of the alkyletherized melamine resins can be reduced and, a staining resist- 
ance is further improved owing to a relative decrease of an ether bond. Use amount thereof is 20% by weight at most, 
10 and in the case that it is formulated in exceeding 20% by weight, there lowers curability at a low temperature unpref- 
erably. 

[0274] As the blocked polyisocyanate compound, there are exemplified a polyhexamethylene diisocyanate which is 
an active methylene compound isocyanurate type and a polytetramethyl xylifene diisocyanate which is a methylethyl- 
ketoxime blocked adduct type. 

15 [0275] In the melamine-curable water-based coating composition of the present invention, there can be optionally 
employed an acidic catalyst, or amine-block agent thereof, for example, p-toluene sulphonic acid, dodecylbenzene 
sulphonic acid, dinonylnaphthalene sulphonic acid, and an amine blocking agent thereof in an amount of 0.1-4.0 parts 
by weight based on 100 parts by weight of solid content of resins as a curing catalyst. Likewise, there can be also 
added a defoaming agent, a leveling agent, and a lubricant, etc. 

20 [0276] Further, there can be added pigments such as titanium oxide, an aluminum pigment, and quinaklidone by 
dispersing and kneading in the above-described water-based acrylic resin or a mixture of the water-based acrylic resin 
with other water-based resin using a publicly-known dispersing machine such as a sandmill or disper to prepare a 
pigment paste, followed by preparing a coating using the same method described hereinabove. 
[0277] Still further, the melamine curable type water-based coating composition can be mixed with a water-soluble 

25 resin and a water-dispersible resin, for example, a resin such as a polyester, a polyetherpolyol, a polyesterpolyol, a 
polyurethanepolyol, a maleic-modified fatty acid, and an adduct of ethyleneoxide or propyieneoxide to bisphenol A, 
which are usually employed. 

[0278] Furthermore, in the melamine curable type water-based coating composition, there can be also mixed an 
acrylic resin having a glass transition temperature of exceeding 0°C or an acrylic resin having a glass transition tem- 
30 perature of not more than 0°C according to uses thereof. 

[0279] The melamine curable type water-based coating composition can be coated on a substrate by publicly-known 
means such as a roll coating, spray coating, and brush coating, etc. 

[0280] A metallic base plate includes an extended steel plate, a stainless steel plate, and an aluminum alloy plate 
which have a plate thickness of 0.01-2.0 mm. In the metallic plates, surface is treated by at least one or more kinds of 

35 alloy or a composite which include an inorganic metal such as chromium, tin, zinc, and nickel an organic material such 
as an acrylic resin, using such as methods as plating, vapor deposition, coating, zirconium, alumite, and phosphate, 
etc. Further, there can be employed a metal plate in which a resin film such as a polyethylene terephthalate or a 
polybutylene terephthalate is laminated with the plates. 
[0281] Hereinafter, the present invention IV is illustrated. 

40 [0282] The present invention IV is a curable resin composition containing an acrylic polyol resin (V-A) obtained using 
a hydroxyalkyl(meth)acrylate composition (a) modified by a small amount of lactones in which a proportion of monomers 
having not less than 2 continuous chains (n 2) of lactones is less than 50% (GPC area %), and which is represented 
by the above-described general formula (1), and a polyisocyanate compound (V-B). 

[0283] The hydroxyalkyl(meth)acrylate composition (a) modified by a small amount of lactones to be employed in 

45 the present invention is as illustrated in the present invention I. 

[0284] By allowing to polymerize the hydroxyalkyl(meth)acrylate composition modified by a small amount of lactones 
to be employed in the present invention alone or copolymerize with other radically-polymerizable monomers, there can 
be provided an acrylic polyol resin having an excellent reactivity with an crosslinking agent and rich flexibility, and it 
can be utilized as a material for the curable resin composition for a coating of the present invention. 

so [0285] As the other radically-polymerizable monomers to be copolymerized with the (meth)acrylate composition hav- 
ing hydroxy! group modified by a small amount of lactones to be employed in the present invention, there are enumer- 
ated a polymerizable monomer having an active hydrogen and other polymerizable unsaturated monomers, which 
include monomers exemplified in the present invention I. 

[0286] The other radically-polymerizable monomers can be also employed in mixing, and those are selectively em- 
55 ployed depending upon desired physical properties. 

[0287] Preferably, the acrylic polyol resin (V^A) is comprised 5-65% by weight of the hydroxyalkyl(meth)acrylate 
composition (a) modified by a small amount of lactones, 0-30% by weight of the vinyl monomer having hydroxyl group, 
and other vinyl-based monomers of a residual amount which is that 100% by weight minus total amount of the above 
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monomers. 

[0288] The acrylic polyol resin (V-A) to be employed in the present invention is prepared according to the methods 
in the present invention II. 

[0289] The polyisocyanate compound (V-B) to be employed in the present invention is an aromatic, aliphatic, and 
cycloaliphatic polyisocyanate and, there are preferred an aromatic polyisocyanate having a carbon number of 6-30, 
an aliphatic polyisocyanate having a carbon number of 4-30, and a cycloaliphatic polyisocyanate having a carbon 
number of 8-30. For example, there are typically enumerated 2,4-naphthalene diisocyanate, 1,5-naphthalene diisocy- 
anate, 4,4*-diphenylmethane diisocyanate, 4.4*-diphenyldimethylmethane diisocyanate, dialkyldiphenylmethane diiso- 
cyanate, tetraalkyldiphenylmethane diisocyanate, 4,4 , -diphenylenemethane diisocyanate, 4,4-dibenzyl diisocyanate, 

1.3- phenylene diisocyanate, 1,4-phenylene diisocyanate, a tolylene diisocyanate such as 2,4-tolylene diisocyanate 
and 2,6-tolylene diisocyanate, xylilene diisocyanate such as p-xylilene diisocyanate and m-xylilene diisocyanate, 

1.4- tetramethylene diisocyanate, 1,5-pentamethylene diisocyanate, 1 ,6-hexamethylene diisocyanate, 2,2,4-trimethyl- 
hexamethylene-1,6-diisocyanate, 2 l 4,4-trimethylhexamethylene-1,6-diisocyanate, ridine diisocyanate, cyclohexane- 
1 ,4-diisocyanate, isophorone diisocyanate, 4,4 , -diisocyanatedicyclohexane, 4,4 -diisocyanate dicyclohexane, dicy- 
clohexylmethane^^'-diisocyanate, 1,3-bis(isocyanatemethyl)cyclohexane, and methyl cyclohexane diisocyanate 
such as methyl cyclohexane-2,4-(or-2,6-)diisocyanate, etc., or an adduct of the diisocyanates to a polyvalent alcohol 
such as ethylene glycol, propylene glycol, a polyethylene glycol, a polypropylene glycol, a polycaprolactone polyol, 
trimethylol ethane, and trimethylol propane, a polyester resin (including an oil-modified type) having a functional group 
which reacts with isocyanate group, an acrylic resin, etc., and water, etc., a buret compound, a polymer allowed to 
react between isocyanates, or an equal mol adduct of 2-hydroxypropyl (meth)acrylate-hexamethylene diisocyanate, a 
copolymer essentially containing a vinyl-based monomer having a copolymerizable unsaturated group with an isocy- 
anate group such as isocyanateethyl (meth)acrylate, or compounds described in JP^A-61072013 Official Gazette, and 
a blocked compound blocked by a blocking agent such as a lower monovalent alcohol, phenols, methylethylketoxime, 
and a lactam, etc. 

[0290] The diisocyanates may be employed solely or even in combination of tow or more kinds. 
[0291] From a viewpoint of a color tone in a coating layer obtained using the curable resin composition of the present 
invention, as a polyisocyanate compound, nonyellowing type poly isocyanates are preferred, and the following ones 
are disclosed as an example. 

[0292] There are enumerated aiiphatic-based polyisocyanates such as 1 ,4-tetramethyiene diisocyanate, 1,5-pen- 
tamethylene diisocyanate, 1, 6-hexamethylene diisocyanate, 2,2 l 4-trimethyl-1,6-hexamethylenediisocyanate, and ri- 
dine diisocyanate; cycloaliphatic-based polyisocyanates such as isophorone diisocyanate, methyl cyclohexane-2,4-(or 
-2, 6-)di isocyanate, dicyclohexyl methane-^-diisocyanate, and 1,3-bis(isocyanatemethyl) cyclohexane, and the 
above-described derivatives (including an adduct) therefrom. Of those, there are preferably enumerated 1, 6-hexam- 
ethylene diisocyanate (hereinafter, abbreviated as HMDI), isophorone diisocyanate (hereinafter, abbreviated as IPDI), 
and a derivative (including an adduct) therefrom in view of weatherability and an ease of industrially-obtaining. 
[0293] Since the polyisocyanate compounds react with polyols in a base material even at room temperatures, those 
include a drawback that those are poor in storage stability, and handling is troublesome and, those are un preferred in 
view of safeness and hygiene. Accordingly, blocked type polyisocyanates are preferred as the polyisocyanate com- 
pounds. 

[0294] Although the blocked type polyisocyanates (hereinafter, occasionally referred to as a highly-branched block 
polyisocyanate) are obtained even only by allowing to react the polyisocyanates with a polyvalent alcohol, more pref- 
erably, those can be obtained by cyclic trimerization of an isocyanate, that is, isocyanuration after allowing to react a 
diisocyanates with the polyvalent alcohol. 

[0295] As the polyvalent alcohol in the case, there is preferred an alcohol having three or more functionalities and, 
as a polyvalent alcohol having a low molecular weight, for example, there are enumerated trimethylol propane, glyc- 
erine, 1,1,7-trimethylol heptane, 1 ,2,7-trimethylol heptane, and pentaerythritol, etc. As a polyvalent alcohol having a 
higher molecular weight, for example, there are enumerated aliphatic hydrocarbon polyols, polyether polyols, polyester 
polyols, and epoxy resins, etc. 

[0296] As the aliphatic hydrocarbon polyols, for example, there are enumerated a polybutadiene having hydroxyl 
group at terminals and a hydrogenate product therefrom, etc. Further, as the polyether polyols, for example, there are 
enumerated so-called polymer polyols, etc. obtained by polymerizing acrylic amides in media which are polyether 
polyols in which an alkylene oxide such as ethyleneoxide or propyleneoxide is added alone or in a mixture to polyvalent 
alcohols such as glycerine or propyleneglycol, polytetramethylene glycols, or polyethers in which polyfunctional com- 
pounds such as ethylenediamine or ethanolamines are added to an alkylene oxide. 

[0297] As the polyester polyols, there are enumerated polyester polyol resins obtained by condensation reaction of 
at least one of a polybasic acid with at least one of polyvalent alcohols, and polycaprolactones obtained by ring-opening 
polymerization of e-caprolactone using polyvalent alcohols. 

[0298] As the polybasic acid, for example, there are enumerated phthalic acid (anhydride), terephthalic acid, isoph- 
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thalic acid, tetrahydrophthalic acid (anhydride), hexahydrophthalic acid (anhydride), 3-methylhexahydrophthalic acid 
(anhydride), 4-methylhexahydrophthalic acid (anhydride), 3-methyltetrahydrophthalic acid (anhydride), trimellitic acid 
(anhydride), pyromellitic acid (anhydride), het acid (anhydride), hymicacid (anhydride), adipicacid, sebasicacid, azela- 
ic acid, succinic acid (anhydride), maleic anhydride, fumaric acid, itaconic acid, and a dimer acid, etc. The acid may 

5 be employed even in the form of an ester of a lower alcohol such as dimethylisophthalate and dimethylterephthalate. 
[0299] The polyvalent alcohols are a compound having at least two alcoholic or phenolic hydroxyl groups in the 
molecule, for example, there are specifically enumerated ethylene glycol, diethyiene glycol, triethylene glycol, polyeth- 
yleneglycol, 1,6-hexanediol, pentanediol, cyclohexanedimethanol, propylene glycol, butylene glycol, butylene diglycol, 
trimethylol ethane, trimethylol propane, glycerine, neopentyl glycol, sorbitol, tris(2-hydroxyethyl)isocyanurate, diethanol 

10 amine, diisopropanol amine, bisphenol A, and bisphenol F, etc. 

[0300] As the epoxy resins, for example, there are enumerated a novolak type, p-methylepichlorohydrin type, a cyclic 
oxirane type, a glycidylether type, a glycol ether type, an epoxy type of an aliphatic unsaturated compound, an epoxi- 
dized fatty acid ester type, a polycarboxylic acid ester type, an aminoglycidyl type, a halogenated type, and resorcinol 
type, etc. 

is [0301] Of the polyols, there are preferably employed the above-described polyvalent alcohol having a low molecular 
weight and a polyether polyol having 3-8 pieces of hydroxyl groups in the molecule, the aliphatic hydrocarbon polyols, 
and polyester polyols and, particularly preferably, the polyester polyols. These may be employed solely or in combi- 
nation of two or more kinds. Aliphatic or cycloaliphatic dHsocyanate and the polyvalent alcohols are allowed to react 
at 50-200°C, and preferably 50-1 50° C. In the case, solvents may be even employed, and there are preferably employed 

20 solvents which are inactive to an isocyanate. As such the inactive organic solvents, for example, there are employed 
at least one kind of aliphatic hydrocarbons such as hexane, heptane, and octane; aromatic hydrocarbons such as 
benzene, toluene, andxylene; esters; andketones. Since the solvents occasionally contain moisture, it is preferred to 
optionally remove the moisture. Although the reaction can be conducted even after an isocyanu ration reaction, it is 
preferably conducted prior to the isocyanu ration reaction. 

25 [0302] In the isocyanuration reaction, catalysts are usually employed. In usual, the catalysts to be employed herein 
are preferably basic, for example, there are employed a quaternary ammonium salts and a weak organic acid salt 
thereof, an alkyl metal salt of an alkyl carboxylic acid, an metal alchoiate, and a compound having an aminosilyl group, 
etc. Concentration of the catalysts is usually selected from a range of 21 0 ppm to 1 .0% based on isocyanate compounds. 
[0303] In the reaction, solvents may be employed or even not employed. In the case that the solvents are employed, 

30 there should be employed solvents which are inert to an isocyanate group. 

[0304] Reaction temperature is usually 20-1 60°C, and preferably 40-1 30°C. Termination point of the reaction de- 
pends upon the kind of the polyvalent alcohols to be employed, and it is a period at which yield attains to approximately 
30%. When the reaction attains to a target yield, for example, the reaction is terminated by deactivation of the catalysts 
by, for example, sulphonic acid, phosphoric acid, and phosphates, etc. 

35 [0305] In a highly-branched poly isocyanate having an isocy an urate structure after removal of unreacted diisocy- 
anates and solvents, viscosity at 25°C is preferably 0.5 to 300 Pas. In the case that the viscosity exceeds 300 Pas, 
outer appearance in a coating layer is adversely affected occasionally and, in the case of being less than 0.5 Pas, it 
is difficult to obtain a range of an average functional group number of the polyisocyanate regulated in the present 
invention. 

40 [0306] As a blocking agent for obtaining the highly-branched block polyisocyanate, for example, there are enumer- 
ated phenol-based ones such as phenol, cresol, xylenol, ethylphenol, o-isopropylphenol, butylphenol such as p-tert- 
butylphenol, p-tert-octylphenol, nonylphenol, dinonylphenol, styrenized phenol, oxybenzoic acid phenol, thymol, p- 
naphthol, p-nitrophenol, p-chlorophenol; alcohol-based ones such as methanol, ethanol, propanol, butanol, ethyleneg- 
lycol, methylcellosolve, butylcellosolve, methylcarbitol, benzyl alcohol, phenylcellosolve, fulfurylaicohol, and cyclohex- 

45 anol; active methylene-based ones such as dimethyl maloate, diethyl maioate, methylacetoacetate, ethylacetoacetate, 
and acetyl acetone; mercaptan-based ones such as butyl mercaptan, thiophenol, and tert-dodecyl mercaptan; amine- 
based ones such as diphenyl amine, phenylnaphtyl amine, aniline, and carbazole; acid amide-based ones such as 
acetanilide, acetoanisidide, amide acetate, and benzamide; lactam-based ones such as e -caprolactam, 5-valerol- 
actam, ^butyrolactam, and p-propiolactam; acid imide-based ones such as succinic acid imide and maleic acid imide; 

so imidazole based ones such as imidazole, 2-methylimidazole, and 2-ethylimidazole; urea-based ones such as urea, 
thiourea, an ethylene urea; carbamide acid salt-based ones such as N-phenylcarbamic acid phenyl and oxazolidone; 
imine-based ones such as ethyleneimine and a polyethylene imine; oxime-based ones such as formaldoxime, ace- 
toaldoxime, acetoxime, methylethylketoxime, methylisobutylketoxime, and cyclohexanoeoxime; bisulphite-based ones 
such as sodium bisulphite and potassium bisulphite, etc., and these may be even as a mixture. 

55 [0307] Of those, there are preferred the phenol-based ones, lactam-based ones, alcohol-based ones, and oxime- 
based ones and, there are particularly preferred nonylphenol, styrenized phenol, oxybenzoic acid ester, acetoxime, 
methylethylketoxime, and E-caprolactam. 

[0308] In the case that a low temperature (not more than 140°C) baking is demanded, particularly, an oxime-based 
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blocking agent is most preferred. 

[0309] By allowing to react the blocking agent with the highly-branched polyisocyanate, the highly-branched block 
polyisocyanate can be obtained. Reaction of the isocyanate with the blocking agent can be conducted regardless of 
the presence or absence of solvents. 

[031 0] In the case that the solvents are employed, there must be employed solvents which are inert to an isocyanate 
group. 

[0311] In the reaction for blocking, there may be even employed catalysts such as organic salts of metals such as 
tin, zinc, lead, and a tertiary amine, etc. The reaction can be conducted at-20 to 150°C and, preferably, 0 to 100°C. In 
the case of exceeding 100°C, side reactions are possibly caused and, on the other hand, in the case of too low tem- 
peratures, reaction rate becomes slow, and it is disadvantageous. 

[031 2] The block polyisocyanate to be employed in the present invention has the average number of functional group 
of 4.5-10, preferably, 5-8 per 1 molecule of the block polyisocyanate. 

[0313] The average number of functional group in the block polyisocyanate is a number of an isocyanate functional 
group to be statistically possessed in 1 molecule of the block polyisocyanate, and it is calculated by the following 
equation (1) from a number average molecular weight of the polyisocyanate before the blocking reaction and an iso- 
cyanate concentration (%). 

(Number average molecular weight) x (' socvana te concentrtion) 
molecular weight of isocyanate group (42) 
= Average number of an isocyanate functional group Equation (1) 

[0314] The acrylic polyol resin (\AA) and the polyisocyanate compound (V-B) in the present invention are employed 
as a raw material for a coating, which construct a primary component in the curable resin composition of thepresent 
invention. Equivalent ratio of the isocyanate group in the polyisocyanate or the blocked isocyanate group with respect 
to hydroxyl group in the resin containing hydroxyl groups is decided according to physical properties of a coating layer 
to be desired. 

[0315] Formulation ratio of the acrylic polyol resin (V-A) with respect to the polyisocyanate compound (V-B) in the 
present invention is preferably NCO/OH=0.8-1.3 (equivalent ratio) from a viewpoint of properties in a coating layer. In 
the case that the NCO/OH is less than 0.8, residual hydroxyl group occasionally causes a decline of water resistance 
in a coating layer and, in the case of exceeding 1 .3, residual isocyanate group unpreferably makes the coating layer 
brittle. 

[0316] The curable resin composition of the present invention contains 50-90 parts by weight of the acrylic polyol 
resin (V-A) and 10-50 parts by weight of the polyisocyanate compound (V-B) as essential components, provided that 
total of the (V-A) and the (V-B) does not exceed 100 parts by weight. 

[0317] Use ratio of the acrylic polyol resin (V-A) with respect to the polyisocyanate compound (V-B) is 50-10 parts 
by weight of the polyisocyanate compound (V-B) with respect to 50-90 parts by weight of the acrylic polyol resin (VV\). 
In the case that the use ratio of the acrylic polyol resin (V-A) is less than 50 parts by weight, a coating layer becomes 
brittle, for example, resulting in that it becomes not appropriate as a coating for a molded article of a polyolefine-based 
resin. 

[0318] On the other hand, in the case that the use ratio of the acrylic polyol resin (V-A) exceeds 90 parts by weight, 
crosslinking becomes insufficient and, resulting in that there lower water resistance, solvent resistance, and weather- 
ability. A preferred use ratio of the acrylic polyol resin (V-A) is 60-80 parts by weight, accordingly, a preferred use ratio 
of the polyisocyanate compound (V-B) becomes 40-20 parts by weight 

[0319] In the present invention, an acidic catalyst for curing is employed in order to cure by allowing to react the 
acrylic polyol resin (V-A).with the polyisocyanate compound (V-B). 

[0320] Total acid value of in the acidic catalyst for curing is 5-50, and preferably 15-35. In the case that the total acid 
value is less than 5, crosslinking reactivity lowers, resulting in that crosslinking becomes insufficient, and there lower 
gasoline resistance and weatherability. 

[0321] On the other hand, the acid value is higher than 50, there lower storage stability and water resistance. 
[0322] As described hereinabove, a coating composition can be changed to a lower temperature curability by con- 
trolling the acid value. As such the acidic catalyst for curing, a weak acidic catalyst is employed. As such the weak 
acidic catalyst, for example, there are enumerated phosphoric acids, a monophosphate, a phosphite, a phosphate 
having an unsaturated group, and carboxylic acids, etc. 

[0323] As the weak acidic catalyst, the phosphoric acids and phosphates are particularly preferred. As such the 
phosphoric acids and phosphates, for example, there are enumerated phosphoric acid, pyrophosphoric acid, etc., and 
mono or diphosphates, etc. As the monophosphates, for example, there are enumerated monooctyl phosphate, mono- 
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propyl phosphate, and monolauryl phosphate, etc. As the diphosphates, for example, there are enumerated dioctyl 
phosphate, dipropyl phosphate, and dilauryl phosphate, etc. 

[0324] The acidic catalyst for curing is employed in an amount of 0.001-10% by weight, and preferably 0.001-5% by 
weight based on total weight of the acrylic polyol resin (V-A) and the polyisocyanate compound (V-B). 
[0325] In the case that the polyisocyanate is prepared as a block type, it is a single-liquid type and, although there 
can be solved a problem concerning storage stability, dissociation temperature of the blocking agent becomes high 
and, it must become occasionally heated to not (ess than 150°C, and there is occasionally caused a problem that 
compatibility with a base resin is not sufficient and, an outer appearance in finishing becomes worse in a coating layer. 
[0326] In the cases, the polyisocyanate compound to be employed in the present invention is preferably employed 
as a self-crosslinkable type resin which simultaneously contains a block isocyanate group and hydroxyl group in a 
molecule, which is described hereinafter. 

[0327] The self-crosslinkable type resin is comprised a product in which a vinyl polymer having a block isocyanate 
group in a molecule is connected to a polyol resin having hydroxyl group in the molecule through urethane bond and, 
for example, it is obtained by (I) allowing to react a portion of hydroxyl groups in the polyol resin (AO) having at least 
two hydroxyl groups in the molecule with a portion of free isocyanate groups in a vinyl polymer (B0) having at least 
two free isocyanate groups in the molecule, and then, allowing to react a blocking agent with residual all the free 
isocyanate groups, or (II) allowing to react a portion of hydroxyl groups in the polyol resin (AO) having at least two 
hydroxyl groups in the molecule with all of free isocyanate groups in a vinyl polymer simultaneously having free iso- 
cyanate groups and block isocyanate groups in the molecule. 

[0328] The vinyl polymer (B0) is a vinyl polymer having at least two free isocyanate groups in the molecule and, 
specifically, it is a polymer in which a vinyl monomer containing isocyanate group (hereinafter, abbreviated as "NCO 
group-contained monomer") is employed as an essential component, and further, other monomers are optionally em- 
ployed, and which has isocyanate groups at terminals and/or side chains in a linear chain polymer. 
[0329] The NCO group-contained monomer is a compound having at least one of a nonbiocked free isocyanate 
group and at least one of a radically-polymerizable double bond, respectively. 

[0330] For example, there are employed at least one or two kinds selected from isocyanatemethyl methacrylate, 
2-isocyanate ethylmethacrylate, m- or p- isopropenyl-a, a'-dimethy I benzyl isocyanate, and a 1:1 (molar ratio) adduct 
of a vinyl monomer having hydroxyl group with a diisocyanate compound, etc. 

[0331] The diisocyanate compound has two isocyanate groups in the molecule, and there are enumerated the above- 
described aliphatic, aromatic, or cycloaliphatic-based diisocyanate compounds. 

[0332] Of the above compounds, a preferred compound as the NCO group-contained monomer is 2-isocyanate 
ethylmethacrylate, m-isopropenyl-a.a'-dimethylbenzyl isocyanate, and an equimolar adduct of 2-hydroxyethylacrytate 
with isophorone diisocyanate, etc. 

[0333] The vinyl monomer having hydroxyl group, which is employed for preparing the NCO group-contained mon- 
omer, is a compound having at least one hydroxyl group and at least one radically-polymerizable double bond, respec- 
tively, in the molecule, for example, there are enumerated 2-hydroxyethyl(meth)acrylate, 2-hydroxypropyl(meth)acr- 
ylate, hydroxybutylacrylate, 2,3-dihydroxypropylacrylate, 2-hydroxy-3-phenoxyethylacrylate, and 2-hydroxy-3-ethox- 
yethylacrylate, etc. Further, there is enumerated an equimolar adduct of acrylic acid or methacrylic acid with a glycol 
(a carbon number of 2-20), etc. 

[0334] The vinyl polymer (BO) is obtained by polymerizing the NCO group-contained monomer alone or by copoly- 
merizing the monomer with other vinyl monomers. 

[0335] As the other vinyl monomers, there is preferred a compound which contains one radically-polymerizable dou- 
ble bond in the molecule and, moreover, which does not contain an active hydrogen which can react with isocyanate 
group, specifically, there are enumerated aromatic vinyl-based monomers such as styrene, a-methylstyrene, and vi- 
nyltoluene; (meth)acrylates such as methyl(meth)acrylate, ethyl(meth)acrylate, butyl(meth)acrylate, 2-ethylhexyl 
(meth)acrylate, lauryl(meth)acrylate, tridecyl (meth)acrylate, stearyl(meth)acrylate, cyclohexyl(meth)acrylate, and ben- 
zyl(meth)acrylate; a fluorine-contained vinyl-based monomer such as Viscose 3F (a trade name, manufactured by 
Osaka Yuki Kagaku, Ltd., hereinafter, it shows a same mean), Viscose 3MF, Viscose 8F, Viscose 8MF, perfluorocy- 
clohexyl(meth)acrylate, N-2-propylperfluoro octane sulphonic amide ethyl (meth)acrylate, vinylfluoride, and vinylidene 
fluoride; a nitrogen-contained vinyl monomer such as N.N'-diethylaminoethyKmethJacrylate, N,N'-diethyiaminoethyl 
(meth)acrylate, N.N-diethylaminoethyl (meth)acrylate, and N.N'-diethyKmethJacrylic amide; a vinylether-based mon- 
omer such as vinylethylether and vinylbutylether; and glycidyl(meth)acrylate, 3,4-epoxycyclohexylmethyl(meth)acr- 
ylate, an alkyletherized compound such as arylglycidyl ether and methylol acrylic amide, (meth)acrylic amide, (meth) 
acrylic chloride, vinylchloride, vinylidenechloride, (meth)acrylonitrile, and y-methacryloxyalkyl trimethoxy silane, etc., 
and these are employed solely or as a mixture of two or more kinds. 

[0336] Ratio of the NCO group-contained monomer with respect to the other vinyl monomers, if it is within a range 
containing at least two free isocyanate groups in one molecule of the polymer (B0), is not particularly limited, and the 
NCO group-contained monomer/the other vinyl monomers (weight ratio) ranges in 100/0-1/99, preferably 65/35-30/70. 
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[0337] Further, in usual, a polymerization reaction of the NCO group-contained monomer alone or a copolymerization 
reaction of the other vinyl monomers is preferably conducted in an inert organic solvent not having an active hydrogen 
which can react with isocyanate group. As such the inert organic solvent, there are employed the above-described 
solvent or a mixture thereof. Since the solvents occasionally contain moisture, the moisture is optionally in advance 
5 removed. 

[0338] The (co)poiymerization reaction is usually conducted at a temperature of 50-1 80°C using a radical polymer- 
ization initiator, a molecular weight of the polymer (BO) can be controlled by a reaction concentration and the amount 
of the radical polymerization initiator, etc. The reaction concentration ranges in 20-80% by weight as a polymer. Par- 
ticularly, in order to elevate a polymerization ratio, there is employed a peroxide-based or carbonate-based polymeri- 
10 zation initiator, and the reaction is preferably conducted at a temperature of not less than 100*0. 

[0339] More preferably, there is apt to be obtained a polymer having a high polymerization ratio by employing together 
an acrylate-based monomer. Concentration of the polymerization initiator ranges in 0.01-15% by weight based on total 
monomers, and it preferably ranges in 0.1-10% by weight. 

[0340] Further, it can be also polymerized by utilizing an electron beam or ultraviolet ray in place of employing the 
15 polymerization initiator. 

[0341] Still further, other than a radical polymerization, there can be also utilized an ion polymerization method and 
a group transfer polymerization method. 

[0342] In the polymer (B0) to be employed in the present invention, a weight average molecular weight ranges in 
preferably 1000-100000 and, particularly, preferably 3000-30000. Further, an isocyanate value appropriately ranges 
20 in 30-200 g/1 000 g of a resin. 

[0343] The polymer (B0) has at least two free isocyanate groups in the molecule and, preferably, it does not have 
at all an active hydrogen which can react with isocyanate group. 

[0344] The polyol resin (AO) : It is a resin having at least two hydroxyl groups in the molecule. Specifically, there are 
enumerated an acrylic resin (A0-1), a polyester resin (AO-2), and a fluorocarbon resin (AO-3), etc. which have at least 

25 two hydroxyl groups in the molecule, and at! of the already-known products can be employed, provided that the polyol 
resin (AO) contains the above-described polyol resins (A) in a proportion of 0.5-80 parts by weight. 
[0345] First of all, the acrylic resin (A0-1 ) is an acrylic-based resin having at least two hydroxyl groups in the molecule. 
The acrylic resin (A0-1) is a polymer which containing a monomer unit (hereinafter, referred to "hydroxyl group-con- 
tained monomer") having at least one of hydroxyl groups and at least one of radically-polymerizable double bonds, 

30 respectively, in the molecule as an essential component, and in which other vinyl monomers are further employed, and 
which does not contain the the NCO group-contained monomer. 

[0346] As the hydroxyl group-contained monomer, for example, there are enumerated 2-hydroxyethyl(meth)acrylate, 
2-hydroxypropyl (meth)acrylate, hydroxybutylacrylate, 2, 3-d ihydroxy propyl acrylate, 2-hydroxy-3-phenoxyethylacr- 
ylate, and 2-hydroxy-3-ethoxyethylacrylate, etc. Further, there is enumerated an equimolar adduct of acrylic acid or 

35 methacrylic acid with a glycol (a carbon number of 2-20), etc., a caprolactone-modified(meth)acrylate such as Placcel 
FM-1, FM-2, FM-3, FM-4, FM-5, FA-1, FA-2, FA-3, FA-4, and FA-5 (which are manufactured by Daicel Chemical In- 
dustries, Ltd., a trade name, hereinafter, the same), and the hydroxyalkyl(meth)acrylate composition modified by a 
small amount of lactones, in which a proportion of monomers having not less than 2 continuous chains (n^2) of lactones 
is less than 50% of the present invention, etc. These may be also employed as a mixture of two or more kinds. 

40 [0347] The other monomers, which can be copolymerized with the hydroxyl group-contained monomer, have a rad- 
ically-polymerizable double bond in the molecule and, moreover, do not preferably contain an active hydrogen which 
can react with isocyanate group, specifically, there are preferred the vinyl monomers enumerated as other monomers 
in the illustration for the above-described vinyl polymer (B0). 

[0348] Further, the acrylic resin (A0-1) is a resin essentially containing a (meth)acrylate (also including the hydroxyl 
45 group-contained monomer), etc., and the content thereof is preferably 20-100% by weight and, particularly, preferably 
30-100% by weight in total monomers employed for the preparation of the acrylic resin (A0-1). 

[0349] Construction ratio of the above-described monomers in the acrylic resin (A0-1) is not particularly limited, and 
the hydroxyl group-contained monomer is 1-100% by weight and, particularly, 10-60% by weight, a vinyl monomer 
having a carboxylate group is 0-20% by weight and, particularly, 0-5% by weight, and other vinyl monomers are 0-99% 

so by weight and, particularly, preferably 40-90% by weight based on total weight of the monomer composition. 

[0350] The acrylic resin (A0-1), as exemplified in the preparation of the polymer (A), can be obtained by a radical 
polymerization method using a polymerization initiator, a photo-polymerization method utilizing an electron beam or 
an ultraviolet ray, an ionic polymerization method, and a group transfer polymerization method, 
[0351] As organic solvents to be employed in the polymerization methods, there is preferred an inert organic solvent 

55 not containing an active hydrogen which reacts with isocyanate group and, specifically, there are preferred the solvents 
exemplified in the item of the above-described block type isocyanate, and there are also preferred hydrophilic or water- 
soluble solvents not having an active hydrogen, for example, there are preferred diethyleneglycol dimethylether and 
ethyleneglycol dimethylether, etc. 
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[0352] On the other hand, in the case that the acrylic resin (AO-1) is synthesized in an organic solvent having an 
active hydrogen, it can be employed in a urethanation reaction with the polymer (AO) after removing the organic solvent 
under a reduced pressure or by condensing or spray drying. 

[0353] In the acrylic resin (AO-1 ), a weight average molecular weight ranges in preferably 500-50000 and, particularly, 
5 preferably 2000-35000 and, hydroxy! group particularly appropriately ranges in 5-250 based on a hydroxyl value. 

[0354] The polyester resin (AO-2) is a polyester-based resin having at least two hydroxyl groups in the molecule. 
The polyester resin (AO-2) is obtained by an esterification or transesterification reaction using a polybasic acid having 
at least two carboxylic groups in the molecule and a polyvalent alcohol having at least two hydroxyl groups in the 
molecule as essential components and, optionally, using a fatty acid and/or a fatty acid ester as raw materials, so that 
10 free hydroxyl groups are contained. 

[0355] As the polybasic acid and the polyvalent alcohol, for example, there are enumerated the polybasic acid and 
the polyvalent alcohol for the polyester polyols exemplified in the item of the block type isocyanate. 
[0356] As the fatty acids, for example, there can be employed a (semi)drying oil fatty acid such as a safflower oil 
fatty acid, a linseed oil fatty acid, a soybean oil fatty acid, an eno oil fatty acid, a corn oil fatty acid, a tall oil fatty acid, 
15 a sunflower oil fatty acid, a cotton seed oil fatty acid, and a tung oil fatty acid; a coconut oil fatty acid; an olive oil fatty 
acid; and a palm oil fatty acid, etc. Of those, the (semi) drying oil fatty acid is preferably employed from a viewpoint of 
an improvement of properties in a coating layer. 

[0357] In the polyester resin (A0-2) in general, an acid value (mgKOH/g of a resin) desirably ranges in not more than 
200 and, preferably not more than approximately 100, and a hydroxyl value (mgKOH/g of a resin) ranges in approxi- 

20 mately 5-400 and, preferably approximately 20-250. In the case that the hydroxyl value is less than approximately 5, 
curability in a coating layer lowers, and there is unpreferably observed a tendency of a decline of properties in a coating 
layer such as hardness and bending resistance and, on the other hand, in the case that the hydroxyl value becomes 
more than approximately 400, there is unpreferably observed a decline of properties in a coating layer such as water 
resistance and corrosion resistance. 

25 [0358] Introduction of hydroxyl groups into the polyester resin (A0-2) is preferably conducted by employing together 
a compound having at least three hydroxyl groups in the molecule, for example, as the polyvalent alcohol. 
[0359] Further, in the polyester resin (AO-2), a weight average molecular weight ranges in generally approximately 
500 to approximately 50000, and preferably approximately 1000 to approximately 30000 and, a softening point is not 
more than 150°C, and preferably not more than approximately 11 5° C. 

30 [0360] The esterification reaction by respective components for the preparation of the polyester resin (AO-2) is pref- 
erably conducted under the presence of an organic solvent. As the organic solvent to be employed in the esterification 
reaction, there is preferred an inert organic solvent not having an active hydrogen which reacts with isocyanate group 
in consideration of an introduction of urethane bond derived from a urethane reaction with the vinyl polymer (B0) and, 
specifically, there are preferred the solvents exemplified in the item of the above-described block type isocyanate, and 

35 there are also preferred hydrophilic or water-soluble solvents not having an active hydrogen, for example, there are 
preferred diethyleneglycol dimethylether and ethyleneglycol dimethylether, etc. 

[0361] On the other hand, in the case that the polyester resin (A0-2) having hydroxyl groups is synthesized in an 
organic solvent having an active hydrogen, it can be employed in a urethanation reaction with the polymer (B0) after 
removing the organic solvent under a reduced pressure or by condensing or spray drying. 
40 [0362] Further, as the polyester resin (A0-2) having hydroxyl groups, there can be also employed a ring-opened 
polymer of e-caprolactone and, as a specific example thereof, there are enumerated Placcel 208, 240, 305, and 308 
which are manufactured by Daicel Chemical Industries, Ltd. 

[0363] The fluorocarbon resin (AO-3) is a resin having at least two hydroxyl groups, and hving fluorine atoms at a 
main structure or side chains. 

45 [0364] The fluorocarbon resin (AO-3) is obtained by allowing to copolymerize partially or wholly employing a fluorine- 
contained polymerizable unsaturated monomer as other vinyl monomers which are occasionally employed for the 
preparation of the acrylic resin (AO-1) with the hydroxyl group-contained monomer. 

[0365] As the fluorine-contained polymerizable unsaturated monomer, for example, there are enumerated a 
fluoroolefine represented by a general formula CX 2 =CX 2 (in the formula, X may be identical to or different from each 
so other, and represents H, CI, Br, F, an alkyl group or haloalkyl group, provided that it contains at least one piece of F): 
a perfluoroalkyl(meth)acrylate such as a perfluorobutyl ethyl(meth)acrylate, a perfluoroisononyl ethyl(meth)acrylate, a 
perfluorooctyl ethyl(meth)acrylate, Viscose 3MF, Viscose 8F, Viscose 8MF, perfluorocyclohexyl(meth)acrylate, and N- 
2-propylperfluoro octane sulphonic amide ethyl(meth)acrylate, etc. 

[0366] In the fluorocarbon resin (AO-3), properties such as a hydroxyl value and a weight average molecular weight 
55 may be nearly identical to the above-mentioned acrylic resin (A0-1). 

[0367] In the preparation of the self-crosslinkable resin (I), a reaction of the vinyl polymer (B0) with the polyol resin 
(AO) is a urethanation reaction of isocyanate group with hydroxyl group and, specifically, the urethanation reaction is 
conducted by formulating the polyol resin (AO) into an organic solution of the vinyl polymer (B0) at a temperature of 
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usually 20-1 00°C, and preferably 25-60°C. 

[0368] The reaction is controlled by the reduction amount of isocyanate group, that is, an isocyanate value. Further, 
in the reaction, a tin-based catalyst, etc. may be optionally even employed. Formulating amount of the polyol resin 
(AO) appropriately ranges in 0.1-10.0, and preferably 0.5-5.0 based on a functional group ratio in the vinyl polymer 

5 (B0) with respect to the polyol resin (AO), that is, NCO/OH ratio and, based on total weight of the both, the vinyl polymer 
(B0) ranges in 1-99% by weight, and preferably 10-70% by weight, the polyol resin (AO) ranges in 1- 99% by weight, 
and preferably 30- 90% by weight, provided that the polyol resin (AO) contains 0.5-80 parts by weight of the acrylic 
polyol resin (V-A) obtained using the hydroxyethyl(meth)acrylate composition modified by a small amount of lactones 
of the present invention with respect to 0.5-50 parts by weight of the polyisocyanate compound (V-B). 

10 [0369] Further, formulation is conducted so that at least average 0. 1 piece of urethane bond is introduced with respect 
to 1 molecule of the vinyl polymer (B0) having a weight average molecular weight of 500-50000, and preferably, average 
0.5-1 .5 piece of urethane bond is introduced with respect to 1 molecule of the vinyl polymer (B0 having a weight average 
molecular weight of 500-30000 and, particularly, 1 piece of urethane bond is most preferably introduced with respect 
to 1 molecule of the vinyl polymer (B0). 

15 [0370] Further, in the preparation of the self-crosslinkable resin (I), gelation in the reaction with the polyol resin (AO) 
can be prevented by employing the vinyl polymer (B0) containing m-isopropenyl-a, a'-dimethylbenzyl isocyanate having 
a tertiary isocyanate group as a vinyl polymer (B0), whereby, a coating layer can be preferably cured at a low temper- 
ature. 

[0371] As described hereinabove, urethane bonds are introduced by allowing to react the polyol resin (AO) and, the 
20 self-crosslinkable resin (I) is obtained by completely blocking the residual free isocyanate group which is contained in 
the vinyl polymer (B0) in which the polyol resin (AO) is added through allowing to react with a blocking agent. As the 
blocking agent, for example, there are enumerated the compounds described hereinabove. 

[0372] In principle, the blocking agent is preferably formulated in an amount to be required so as to react with all 
residual free isocyanate groups. 
25 [0373] Reaction of a polymer in which the polyol resin (AO) is added with the blocking agent is usually conducted at 
a temperature of 20-1 00°C. Further, a tin-based catalyst may be even optionally employed. 

[0374] The self-crosslinkable resin (II) is a self-crossiinkable resin simultaneously containing a block isocyanate 
group and hydroxyl group coexist in the molecule, and which is prepared by allowing to partially react hydroxyl groups 
in the polyol resin (AO) having at least two hydroxyl groups with ail the free isocyanate groups in a vinyl polymer (V-C) 

30 in which free isocyanate groups and block isocyanate groups coexist in the molecule. 

[0375] The vinyl polymer (V-C) is a vinyl polymer simultaneously containing free isocyanate groups and block iso- 
cyanate groups coexist in the molecule and, specifically, it is obtained by allowing to partially react free isocyanate 
groups in the above-described vinyl polymer (B0) with a blocking agent. In relation to the vinyl polymer (B0) to be 
employed for the preparation of the vinyl polymer (V-C), as an NCO group-contained monomer, the above-described 

35 monomers can be employed and, particularly, there is preferred a vinyl polymer (B0) obtained by using an equimolar 
adduct of 2-isocyanate ethylmethacrylate, m-isopropenyl-a, a'-dimethylbenzyl isocyanate, and 2-hydroxyethylacrylate 
with isophorone diisocyanate. 

[0376] Formulating amount of the blocking agent into the polymer may be an amount to be required for remaining 
the free isocyanate groups so that an introducing amount of urethane bonds derived from a reaction with the polyol 
40 resin (AO) in a succeeding step becomes a same level as in the above-described self-crosslinkable resin (I) and, 
particularly preferably, areaction is preferably conducted by allowing to remain free isocyanate group being capable 
of introducing one piece of urethane bond per one molecule of the polymer (V-A) and by formulating an amount of the 
blocking agent to be required for completely blocking the remained free isocyanate. 

[0377] And, the self-crosslinkable resin (II) is obtained by allowing to partially react hydroxyl groups in the polyol 
45 resin (AO) with all the remained free isocyanate in the polymer obtained by allowing to react the blocking agent with a 
polymer. In other words, it is required that the amount of the hydroxyl groups in the resin (AO) is larger than the amount 
of the remained free isocyanate. 

[0378] The reaction with the blocking agent for obtaining the self-crosslinkable resin (II) and the reaction of the 
polymer obtained with the resin (AO) are likewise conducted as illustrated in the self-crosslinkable resin (I). 

so [0379] In the self-crosslinkable resins (I) and (II), a molecule of a resin containing a block isocyanate group is con- 
nected to a molecule of the polyol resin through a urethane bond derived from a reaction of isocyanate group with 
hydroxyl group. Accordingly, those are also looked upon as a graft polymer by the both molecules. 
[0380] Thus-obtained self-crosslinkable resins (I) and (II) have at least one piece of the block isocyanate group and 
one piece of hydroxyl group, and a weight average molecular weight is 1000-120000 or so and, particularly, preferably 

55 5000-50000 or so. 

[0381] In the self-crosslinkable resins to be employed in the present invention, crosslinking degree becomes highest 
as a self-crosslinkable coating layer by adjusting the amount of the block isocyanate group and hydroxyl group in the 
molecule to an equimolar amount, and hydroxyl group is preferably adjusted to an excessive amount in consideration 
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of adhesion of a intermediate coating layer to a substrate and an over coating layer. In the resins, a hydroxyl value 
(mgKOH/g of a resin) appropriately ranges in 10-200, an isocyanate value (g/1000g of a resin) appropriately ranges 
in 15-150, and an acid value (mgKOH/g of a resin) appropriately ranges in not more than 200. 
[0382] Coating in relation to the present invention contains the above-described curable resin composition as an 

5 essentia! component, and it is obtained by dissolving or dispersing the resin into an organic solvent or a water-based 
solvent and, optionally, there can be appropriately formulated a variety of additives which are conventionally employed 
in a coating field, for example, an ultraviolet ray absorbent, a photo-stabilizer, an antioxidant, a pigment for coloring, 
an extender pigment, a metallic pigment, an aluminum powder, a pearly mica powder, an anti-dropping agent or an 
anti-sedimentation agent, a leveling agent, a dispersant, a defoaming agent, an antistatic agent, a catalyst for curing, 

10 aflowability-adjustingagent, a cellulose acetate-butylate, and a thinner which are publicly- and commonly-known to 
prepare a two-liquid type coating or a single-liquid type coating composition. 

[0383] Further, there can be employed other resins such as an epoxy resin and a polyester resin or a high molecular 
weight compound which has a good compatibility within a range in which an effect by the present invention is not 
decreased. Thus-obtained coating can be coated by publicly- and commonly-known methods such as spray coating, 
15 roller coating, and brush coating. It is to be noted that it goes without saying that the resin composition for a coating 
of the present invention can be employed as a clear coating in which pigments are not employed, or an ename! coating 
in which pigments are employed. 

[0384] In the coating in relation to the present invention, there can be actualized a more exceedingly excellent acid 
resistance which does not include any practical problems compared to a coating prepared from a conventional polyol 

20 and melamine resin even though being further employed together with other polyols and crosslinking agents (for ex- 
ample, a melamine resin). In the coating in relation to the present invention, in the case of simultaneously employing 
other polyol resins and melamine resins, the content of the curable resin composition of the present invention is not 
less than 10% by weight, and preferably not less than 25% by weight in total solid resin components, the content of 
the melamine resins are not more than 30% by weight, and preferably not less more than 20% by weight, in total solid 

25 resin components. 

[0385] In the case that the curable resin composition of the present invention is less than 10% by weight or, the 
melamine resins are more than 30% by weight, an acid resistance cannot be unpreferably elevated. 
[0386] As the melamine resins to be simultaneously employed, usual melamine resins for coatings can be employed 
without any modification, and imino type or methylol type melamine resins are employed. The imino type or methylol 

30 type melamine resins are not particularly limited in employing and, if those are resins to be employed for a coating- 
system in which hydroxyl group is employed as a functional group. As such the imino type melamine resins, for example, 
there are enumerated Yuban 22R (solid content of 60%), Yuban 21 R (solid content of 50%), and Yuban 2028 (solid 
content of 75%) which are manufactured by Mitsui Kagaku (all of those are a imino type melamine resin), etc. On the 
other hand, as the methylol type melamine resins, there can be employed a melamine resin having a condensation 

35 degree of 1.1-20 or so which is prepared using melamine, formaldehyde, a monoalcohol of a carbon number of 1-4, 
and optionally water as raw materials. For example, there are enumerated Yuban 60R (solid content of 50%) manu- 
factured by Mitsui Kagaku and Superbekkamine L-121-60 (solid content of 60%) manufactured by Dainippon Ink Ka- 
gaku Kogyo, Ltd., etc. 

[0387] As the polyol resins to be employed together with the curable resin composition of the present invention, for 
40 example, there are preferred the above-described acrylic resin (A0-1 ), polyester resin (AO-2), and fluorine resin (A0-3). 
[0388] Provided, in the case of simultaneously employing the polyol resins, the polyol resins and the polyol resins 
(AO) definitively contain the acrylic polyol resin (v%A) in a proportion of 0.5-80 parts by weight with respect to 0.5-50 
parts by weight of the polyisocyanate compound (V-B). 

[0389] In the curable resin composition of the present invention, above all, in order to elevate weatherability such as 
45 retention of a gloss during exposure and a high extentionable property, there is preferably employed a mixture com- 
posed of an ultraviolet ray absorbent/hindered amine-based photo-stabilizer=(40-60)/(60-40) (ratio of solid compo- 
nents) within a range of 0-10 wt% based on solid components in the acrylic polyol resin (W\). In the case that addition 
amount is not less than 1 0 wt%, since a price of a coating becomes expensive and, crystallines are occasionally formed 
at a low temperature and water resistance occasionally lowers, and a resin solution occasionally discolors, it is not 
so preferred so much. Even in an outside value of the above mixing ratio of the ultraviolet ray absorbent with respect to 
the hindered amine-based photo-stabilizer, although an effective action is observed, the effective action is most excel- 
lently observed in a range of the above mixing ratio. 

[0390] As typical examples of the ultraviolet ray absorbent, there can be preferably employed benzophenone, 2,4-di- 
hydrobenzophenone, 2,2\4,4 -tetrahydroxy benzophenone, 2-hydroxy-4-methoxybenzophenone, 2,2'-dihydroxy-4,4'- 
55 dimethoxybenzophenone, 2,2 , -dihydroxybenzophenone, 2-hydroxy-4-octoxybenzophenone, 2-hydroxy-4-dodecyloxy- 
benzophenone, 2-hydroxy-4-methoxy-5-sulphobenzophenone, 5-chloro-2-hydroxybenzophenone, 2,2-dihydroxy- 
4,4'-dimethoxy-5-sulphobenzophenone, 2-hydroxy-4-methoxy-2 , -carboxybenzophenone, and 2-hydroxy-4-(2-hy- 
droxy-3-methyl-acryloxyisopropoxy)benzophenone; 2-(2 , -hydroxy-5-methyl-phenyl)-benzotriazole, 2-(2-hydroxy- 
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3,5-di-t-amyl-phenyl)-2H-benzotriazole, 2-(2 , -hydroxy-3',5 , -di-t-butyl-phenyl)benzotriazole, 2-(2'-hydroxy-3\5'-di-t- 
butyl-phenyl)-5-methyl-benzotriazole, 2- (Z-hydroxy-S^'-di-t-butyl-phenylJ-S-chloro-benzotriazole, 2-(2'-hydroxy-3\ 
5'-di-t-isoamyl-phenyl)benzotriazole, and (2-hydroxy-5-t-butyl-phenyl)benzotriazole; phenylsalicylate, 4-t-butyl-phe- 
nylsalicylate, and p-octyl-phenylsalicylate; ethyl^-cyano-S.S-diphenylacrylate, 2-ethylhexyl-2-cyano-3,3 , -diphenylacr- 

5 ylate; hydroxy-5-methoxy-acetophenone, 2-hydroxy-naphtophenone; 2-ethoxyethyl-p-methoxycinnamate; nickel- 
bisoctylphenylsulphide; and anilide oxalate, etc., for example, a benzotriazole-based ultraviolet ray absorbent such as 
Tinuvin 900, Tinuvin 383, and Tinuvin P (manufactured by Ciba Geigy), an anilide oxalate-based ultraviolet ray absorb- 
ent such as Sandbar 3206 (manufactured by Sand), etc. A fixed amount of the absorbents may be added in a terminating 
period of a copolymerization reaction of the acrylic polyol or in the preparation of a coating. On the other hand, in the 

10 case of T-17, T-37, and T-38 (all of those are a product by Adeka Argus Kagaku, Ltd.) which are a reactive ultraviolet 
ray absorbent containing an organic group having an ultraviolet ray absorbing ability such as an O-hydroxybenzophe- 
none group and ah ethylenic copolymerizable unsaturated bond such as methacrylic acid group in an identical molecule, 
a fixed amount thereof may be simultaneously introduced by copolymerizing at a copolymerization step of the acrylic 
polyol resin (A) components. 

15 [0391] As examples of the hindered amine-based photo-stabilizer, there can be preferably employed a piperidine- 
based one which is usually called HALS (HALS) and typically includes 4-benzoyloxy-2,2,6,6-tetramethylpiperidine, bis 
(2,2,6,6-tetramethyl-4-piperidine)sebacate, or Tinuvin 144, 292, and 765 (all of those are a product manufactured by 
Ciba Geigy, A.G.), MARK LA-57, 62, 63, 67, and 68 (all of those are a product by Adeka Argus Kagaku, Ltd.), Sanol 
LS292 (manufactured by Sankyo), and Sandbar 3058 (manufactured by Sand). A fixed amount of the stabilizers may 

20 be added in a terminating period of a copolymerization reaction of the acrylic polyol resin (A) or in the preparation of 
a coating. In the case of a hindered amine-based compound containing an organic group having a photo-stabilizing 
ability and an ethylenic copolymerizable unsaturated bond such as (meth)acrylic acid group such as the MARK LA- 
82, 87, and T-41 (all of those are a product by Adeka Argus Kagaku, Ltd.), a fixed amount thereof may be simultaneously 
introduced by copolymerizing at a synthesis step of the acrylic polyol resin (A) components. 

25 [0392] Further, in order to increase an effectiveness thereof, optionally, there can be simultaneously employed an 
antioxidant such as "Sumilizer BHT" (a product manufactured by Sumitomo Kagaku Kogyo, Ltd.), "Seenox BCS" (a 
product manufactured by Shiroishi Calcium, Ltd.), "Irganox 1010 or 1076" (a product manufactured by Ciba Geigy, A. 
G.), "Noclizer TNP" (a product manufactured by Ohuchi Shinko, Ltd.), and "Antioxidant KB" (a product manufactured 
by West Germany/Bayer. A.G.), which are well known and commonly-used. 

30 [0393] As the catalysts for curing, there are enumerated a phosphate, an organic acid such as dodecylbenzene 
sulphonic acid or paratoluene sulphonic acid and an amine acid thereof, an organic tin compound such as dibutyltin 
dilaurate and dibutyltin maleate and a chelating compound thereof, etc. 

[0394] As the coloring pigments, extender pigments, leveling agents, dispersants, defoaming agents, photostabiliz- 
ers, thinners, and antistatic agents, for example, there are enumerated ones exemplified in the above-described present 
35 invention III. 

[0395] In the case of preparing a coating composition using the curable resin composition of the present invention, 
there are mixed the acrylic polyol resin (V-A), the polyisocyanate compound (V-B), and optionally, additives such as 
acidic-dissociation catalysts and pigments, and uniformly dispersed by a dispersing machine such as a sand grind mill, 
a ball mill, and Atlighter to prepare a curable type coating composition. 
40 [0396] Coating of the coating composition obtained as described hereinabove may be conducted according to the 
methods illustrated in the present invention HI. 

VI. 

45 [0397] Hereinafter, the present invention VI is illustrated. 

[0398] The present invention VI is a curable resin composition comprising an acrylic polyol resin (Vl-A) obtained by 
using a hydroxyalkyl(meth)acrylate composition (a) modified by a small amount of lactones, in which a proportion of 
monomers having not less than 2 continuous chains (n^2) of lactones represented by the general formula (1) is less 
than 50% (GPC area %), and a polyisocyanate compound (Vl-B). 

50 [0399] The hydroxyalkyl(meth)acrylate composition (a) modified by a small amount of lactones to be employed in 
the present invention is as illustrated in the present invention I. 

[0400] By allowing to polymerize alone the hydroxyalkyl (meth)acrylate composition (a) modified by a small amount 
of lactones to be employed in the present invention or by allowing to copolymerize with other radically-polymerizable 
monomers, there can be provided a curable acrylic polyol which is excellent in reactivity with a crosslinking agent and 
55 rich in flexibility, and it can be utilized as a material for the curable resin composition for coating of the present invention. 
[0401] In the present invention, the other radically-polymerizable monomers are employed to copolymerize with the 
lactone-modified (meth)acrylate having hydroxyl group. The acrylic polyol resin (Vl-A) in relation to the present invention 
is a vinyl copolymer having carboxylic group and a crosslinkable functional group, which is obtained by allowing to 
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react a hydroxyalkyl(meth)acrylate composition (a) modified by small amount of lactones with a vinyl monomer having 
carboxyiic group and other vinyl-based monomers. 

[0402] As the vinyl-based monomer having carboxyiic group to be employed in the present invention, only particularly 
typical examples are exemplified, and which include an ct,p-ethylenic unsaturated carboxyiic acid such as acrylic acid, 
methacrylic acid, crotonic acid, itaconic acid, maleic acid (anhydride) or fumaric acid (anhydride), itaconic acid, itaconic 
anhydride, and citraconic acid. 

[0403] As the other vinyl-based monomer, there are enumerated a polymerizable vinyl monomer containing an active 
hydrogen and other polymerizable unsaturated monomers, and the following compounds are exemplified. 
[0404] As a~(meth)acrylate, for example, an alkyl or cycloalkyl ester having a carbon number of 1-20 of a (meth) 
acrylic acid such as methyl(meth)acrylate, ethyl (meth)acry late, propyl(meth)acrylate, isopropyl(meth)acrylate, butyl 
(meth)acrylate, hexyl(meth)acrylate, 2-ethylhexyl(meth)acrylate, octyl(meth)acrylate, lauryl(meth)acrylate, tridecyl 
(meth)acrylate, stearyl (meth)acrylate, cyclohexyl(meth)acrylate, isobonyl(meth)acrylate, and adamantyl(meth)acr- 
ylate; a (meth)acrylate such as benzyl(meth)acrylate; an alkoxyalkyl ester having a carbon number of 2-8 of a (meth) 
acrylic acid such as methoxybutyl(meth)acrylate, methoxyethyl(meth)acrylate, and ethoxybutyl(meth)acryiate; a fluo- 
rine-contained vinyl monomer such as Viscose 3F, 3MF, 8F, and 8MF (manufactured by Osaka Yuki Kagaku, Ltd., a 
trade name), perfluorocyclohexyl(meth)acrylate, N-2-propylperfluoro octane sulphonic amide ethyl(meth)acrylate, vi- 
nylfluoride, and vinylidene fluoride; a nitrogen-contained vinyl monomer such as N,N'-diethylaminoethyl(meth)acrylate, 
N,N'-diethylaminoethyl(meth)acrylate, N.N'-diethylaminoethyl (meth)acrylate, and N > N'-diethy!(meth)acrylic amide; a 
vinylether-based monomer such as vinylethylether and vinylbutylether; and glycidyl(meth)acrylate, 3,4-epoxycyclohex- 
ylmethyl(meth) acrylate, an alkyletherized compound such as arylglycidyl ether and methylol acrylic amide, (meth) 
acrylic amide, (meth)acrylic chloride, vinylchloride, vinylidenechloride, (meth)acrylonitrile, and ^methacryloxyalkyl tri- 
methoxy silane, an aromatic vinyl monomer such as styrene, a-methylstyrene, and vinyltoluene; (meth)acrolein, buta- 
diene, isoprene, methylisopropenyl ketone, etc., and these are employed solely or as a mixture of two or more kinds. 
[0405] As the polymerizable monomer having an active hydrogen, there are enumerated a (meth)acrylate having 
hydroxyl group described below and a (meth)acrylate having amino group, these can be employed in mixing. 
[0406] As the (meth)acrylate having hydroxyl group, for example, there are enumerated hydroxyalkyl(meth)acrylates 
having a carbon number of 2 - 8 such as hydroxyethyl(meth)acrylate, hydroxypropyl(meth)acrylate, hydroxy butylacr- 
ylate, 2, 3-d ihydroxy propyl acrylate, 2-hydroxy-3-ethoxyethyla cry late, 2-hydroxy-3-ethoxyethylacrylate, etc., an equi- 
molar adduct of acrylic acid or methacrylic acid with a glycol (a carbon number of 2-20), etc., and a caprolactone- 
modified(meth)acrylate such as Placcel FM-1, FM-2, FM-3, FM-4, FM-5, FA-1, FA-2, FA-3, FA-4, and FA-5 (manufac- 
tured by Daicel Chemical Industries, Ltd., a trade name). 
[0407] These may be also employed as a mixture of two or more kinds. 

[0408] As the(meth)acrylate having amino group, there are enumerated aminoalkyl (meth)acrylates such as dimeth- 
ytaminoethyl (meth)acrylate and diethylaminoethyl(meth)acrylate; and a (meth)acryl amide, etc., those can be em- 
ployed solely or in mixing of two or more kinds. 

[0409] The above-described other vinyl monomers can be also employed in mixing, and can be selected according 
to a desired physical property. 

[0410] The acrylic polyol resin (V-A) to be employed in the present invention is prepared by radically-polymerizing 
under the presence of a radical polymerization initiator by publicly-known solution polymerization methods. 
[041 1] As the radical polymerization initiator, there can be employed a peroxide initiator such as benzoyl peroxide, 
t-butylhydroperoxide, cumylhydroperoxide, cumenhydroperoxide, t-butyl peroxybenzoate, and t-butylperoxy-2-ethyl- 
hexanoate, and an azo-based initiator such as azobisisobutyronitrile and azobisdimethylvaleronitrile. 
[0412] As solvents to be employed in the solution polymerization, for example, there are enumerated aromatic hy- 
drocarbons such as benzene, toluene, and xylene; ester-based ones such as ethyl acetate, propyl acetate, butyl ac- 
etate, and cellosolve acetate; ether-based ones such as dioxane, and ethylene glycol dibutylether; ketones such as 
acetone, methylethylketone, and methyl isobutyl ketone. The solvents may be employed solely or in combination of 
two or more kinds. 

[0413] As a reaction vessel to be employed for the above-described polymerization, there is preferably employed a 
reaction vessel equipped with an agitation and a reflux condenser equipped with a drying tube, and a twin-screw 
extruder 

[0414] Polymerization temperature and polymerization time of period depend upon respective kinds and feeding 
ratio of the hydroxyalkyl(meth)acryiate composition modified by a small amount of lactones of the present invention, 
the above-described vinyl-based monomer having carboxyiic group, the above-described other vinyl-based monomer, 
a kind and an amount of the catalysts, reaction apparatuses, and those are not particularly limited, and those are 
appropriately decided by the use of a desired curable oligomers or (co) polymerized acrylic resins, and physical prop- 
erties of a coating layer in the case of a coating. Such the polymerization reaction is conducted at a temperature of 
60-1 50°C or so using the usual radical polymerization initiator in the organic solvents. 

[041 5] In the acrylic polyol, resin (Vl-A) to be employed in the present invention, since there can be readily designed 
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a molecular weight, composition, and a structure, and it is excellent in weatherability, it can provide novel crosslinked 
particles which can be applied in wide uses which require corrosion resistance. 

[041 6] In the resin having hydroxyl group to be employed in the present invention, content of hydroxyl group is 
preferably not less than 10 as a hydroxyl value and, in the case that the hydroxyl value is less than 10, vinyl groups 
5 are not sufficiently introduced, and it becomes difficult to copolymerize with a variety of polymerizable monomers in- 
cluding the polymerizable monomers having carboxylic group, resulting in that a water dispersion property often lowers. 
[0417] Further, there becomes insufficient a reaction with the polyisocyanate compound (V-B) (a hydrophobic 
csosslinking agent) and, as a result, a sufficient corrosion resistance cannot be obtained by a decline of crosslinking 
degree. 

10 [0418] On the other hand, although the copolymer which becomes a hydrophobic portion may even contain acidic 
components, in the case, an acid value is desirably not more than 10. In the case containing more than 10 of such the 
acidic components, a hydrophilic property is unavoidably elevated and a core-shell structure is destroyed, resulting in 
that stability lowers after introduction of a hydrophobic crosslinking agent. 

[041 9] Further, in the acrylic polyol resin (Vl-A) to be employed in the present invention, a number average molecular 
15 weight appropriately ranges in 3,000-1 00,000. It preferably ranges in 3,000-50,000. In the case that the number average 
molecular weight is less than 3,000, since it becomes impossible to stably introduce the polyisocyanate compound 
(V-B) (a hydrophobic crosslinking agent) into the particles and, further, since there are not occasionally obtained phys- 
ical properties in a coating layer such as sufficient water resistance and outer appearance of a coating layer, it is not 
preferred. 

20 [0420] On the other hand, in the case that the number average molecular weight is more than 100,000, gelation is 
unavoidably caused, otherwise, viscosity largely increases during emulsifying by a phase inversion, resulting in that it 
unpreferably becomes difficult to produce an excellent water-dispersion. 

[0421] Further, it is also required that content of the vinyl-based monomers having carboxylic group which becomes 
a hydrophilic segment is at least 10 of an acid value as a minimum limit for self-emulsifying of a resin. 
25 [0422] Herein, although carboxylic group is employed as the hydrophilic segment, since a sufficient hydrophilic prop- 
erty is not shown in the case of a state of a carboxylic acid, usually, it is preferred that the hydrophilic property is 
increased by a change to an amine salt. 

[0423] Even in the case that the content of carboxylic group is of a large amount, if a carboxylic acid salt neutralized 

by an amine salt is of a small amount, a resin does not manifest a self-emulsifying property. That is, if a neutralization 
30 ratio by the amine salt is excessively high, even in the case that it becomes water-soluble, a water-dispersible resin 

becomes obtained by decreasing the neutralization ratio. However, even though 100% of carboxylic groups contained 

in view of composition are neutralized, it should be designed so that it does not become water-soluble. 

[0424] Further, since the carboxylic group itself is high in polarity, in the case that the content exceeds 60% by weight, 

it is not preferred because of adversely affecting to corrosion resistance. 
35 [0425] As content of the hydroxyalkyl(meth)acry!ate composition modified by a small amount of lactones of the 

present invention, it requires not less than 1 0 as a hydroxyl value in the vinyl-based copolymer obtained in consideration 

of a reaction with the crosslinking agent. 

[0426] However, in the case of a resin in which the content of the hydroxyakyl(meth)acrylate composition modified 
by a small amount of lactones of the present invention exceeds 300 as a hydroxyl value, such the content is not 

*o preferred because of adversely affecting to a corrosion resistance. 

[0427] The acrylic polyol resin (Vl-A) in relation to the present invention may be even a vinyl-based copolymer having 
carboxylic groups and crosslinkable functional groups which is obtained by allowing to react a resin having hydroxyl 
groups obtained by polymerization of the hydroxyakyl(meth)acry!ate composition modified by a small amount of lac- 
tones with (meth)acrylic anhydride, and then allowing to react a reaction product obtained with the above-described 

45 vinyl-based monomer having carboxylic group and the above-described other vinyl-based monomers. 

[0428] Further, the acrylic polyol resin (Vl-A) in relation to the present invention may be even a resin having hydroxyl 
groups obtained by using the above-described resin having hydroxyl groups and at least one of resins selected from 
the group consisting of the above-described resin having hydroxyl groups, urethane resin having hydroxyl groups, 
epoxy resin having hydroxyl groups, cellulose derivative having hydroxyl groups, and polyester resin having hydroxyl 

50 groups. 

[0429] In the case, as the resin having hydroxyl groups, there should be employed a hydrophobic resin not having 
a self-water dispersible property. Vinyl group can be readily introduced by allowing to react such the hydrophobic resin 
not having a self-water dispersible property with a specified acid anhydride such as (meth)acrylic anhydride. 
[0430] The kind of copolymers form core-shell structure type particles in which a hydrophobic portion and hydrophilic 
55 portion are differently separated from each other. For that reason, there can be formed crosslinked particles which are 
particularly excellent in a dispersion stability after introduction of the polyisocyanate compound (V-B) (a hydrophobic 
crosslinking agent). 

[0431] Further, such the copolymers cannot be modified to a water-soluble resin because of forming a core-shell 
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structure after emulsifying by a phase inversion in spite of a high neutralization ratio in carboxylic groups. In other 
words, it may safety be said that it is a resin which is excellent in capability of accepting a hydrophobic substance such 
as the hydrophobic crosslinking agent. 

[0432] Still further, such the resin having hydroxyl groups can be also employed together with a condensation-based 
5 resin without being limited to a radical polymerization-based resin. 

[0433] It has a merit of capability of selecting an appropriate resin according to various grade of corrosion resistance 
to be desired or various uses and capability of employing together. In addition, it may safety be said that there has 
been certainly conventionally nothing in a method for readily preparing the crosslinked particles using a variety of the 
condensation-based resins. 

10 [0434] By using the crosslinked particles having such a novel structure, for the first time, there can become provided 
a novel and useful coating which is excellent in corrosion resistance 

[0435] Incidentally, glycidyl groups can be also allowed to copolymerize with the resin having hydroxyl group. Such 
the glycidyl groups are contained in the core portion of a particle after emulsifying by a phase inversion and, whereby, 
the groups are isolated from carboxylic groups contained in adjacent particles and, as described above, in the case 
15 that glycidyl groups are allowed to copolymerize with the vinyl-based resin having hydroxyl group, there can be obtained 
exceedingly good crosslinked particles which are excellent in a dispersion stability (in more detail, gelation is not caused 
after a time lapse). 

[0436] Glycidyl groups act in order to elevate a crosslinking degree by partially reacting with the carboxylic groups 
contained in the polyisocyanate compound (V-B) (a hydrophobic crosslinking agent) or in a copolymer which forms 
20 the core portion after formation of particles. 

[0437] Further, the glycidyl groups remained in the core portion act also as functional group for self-crossiinking in 
the crosslinked particles themselves during baking. 

[0438] In a water-based coating, a high molecular weight type epoxy resin can be simultaneously employed and, if 
such a method is applied, there can be also employed a low molecular weight epoxy resin such as "Epikote 1001" [a 
25 product by Dainippon Ink Kagaku Kogyo, Ltd.], provided that it is desirably employed in a field in which weatherability 
is not required. 

[0439] As the aromatic epoxy resins to be employed, for example, there are enumerated a bisphenol A type epoxy 
resin, a bisphenol F type epoxy resin, and a novolak type epoxy resin, etc. 

[0440] Of the epoxy resins, there is desired an epoxy resin having an epoxy equivalent of not less than 400, and 
30 there is also preferably employed an epoxy resin having an epoxy equivalent of not less than 4,000. 

[0441] As an epoxy resin having an epoxy equivalent of 400-4,000, for example, there are enumerated "Epikote 
1001, 1004, 1007 or 1009" manufactured by Shell, AG. in Netherlands, or "Epichlone 4055, 7055, and 9055" manu- 
factured by Dainippon Ink Kagaku Kogyo, Ltd., etc. 

[0442] Further, as an epoxy resin having an epoxy equivalent of not less than 4,000, for example, there are enumer- 
35 ated "Epikote 1 01 0 or 1 1 00L" manufactured by Shell, AG., or "PKHA", "PKHC", "PKHH", or "PKHJ" which are a phenoxy 
resin manufactured by Union Carbide, Co. in USA. 

[0443] Still further, as the epoxy resin, in addition to the above-described ones, there can be also employed a variety 
of modified epoxy resins such as a fatty acid-modified epoxy resin, a phenol-based compound-modified epoxy resin, 
or an alcohol-based compound-modified epoxy resin. 

40 [0444] As the fatty acids to be employed for modifying, there are enumerated a variety of vegetable oil fatty acids 
such as a soybean oil fatty acid or a castor oil fatty acid; a variety of organic acids such as benzoic acid or acetic acid 
and, as the phenol-based compound, there are enumerated bisphenol A, phenol, and cresol, etc. and, further, as the 
alcohol-based compound, there are enumerated methanol, butanol, or benzyl alcohol, etc. By heating these modifiers 
with aromatic-based epoxy resin at 100-170°Corso under the absence or the presence of appropriate reaction catalysts 

45 such as a tertiary amine or a quaternary amine, the above-described epoxy resins are obtained. 

[0445] It is needless to say that there can be employed solely the respective groups of epoxy resins or a plurality of 
epoxy resins in the respective groups, or there can be (simultaneously) employed a plurality of epoxy resins between 
the respective groups. 

[0446] Further, cellulose derivatives having hydroxyl groups can be also simultaneously employed. Such the cellulose 
so derivatives are a resin system which is excellent in, particularly, oil resistance and solvent resistance, and there are 
obtained crosslinked particles which are different in characteristics from the above-described vinyl-based resin having 
hydroxyl group in such a viewpoint. 

[0447] However, in the case that the cellulose derivatives are employed in a water-based coating, since hydrolysis 
resistance and thermally-yellowing resistance are low and uses are occasionally limited, it must be paid attention to. 
55 [0448] As the cellulose derivatives having hydroxyl groups, there is typically enumerated, for example, an ester- 
modified cellulose derivatives having hydroxyl groups or an ether-modified cellulose derivatives having hydroxyl 
groups, which is usually for a coating. 

[0449] First, if there are typically exemplified only the ester-modified cellulose derivatives having hydroxyl groups, 
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there are enumerated a nitrocellulose, a cellulose acetate-butylate, a cellulose acetate-propionate, a cellulose acetate- 
phthalate, an acetyl cellulose, a cellulose propionate, a cellulose butylate, a cellulose phosphate, and a cellulose sul- 
phate, etc. 

[0450] Further, if there are typically exemplified only the ether-modified cellulose derivatives having hydroxyl groups, 
there are enumerated a methyl cellulose, an ethyl cellulose, a butyl cellulose, a benzyl cellulose, a carboxymethyl 
cellulose, a carboxyethyl cellulose, an aminoethyl cellulose, an oxyethyl cellulose, a hydroxyethyl cellulose, a hydrox- 
ypropyl cellulose, and a hydroxypropyl methyl cellulose, etc. 

[0451] Of the cellulose derivatives having hydroxyl groups, there is particularly desired the use of the cellulose ac- 
etate-butylate (hereinafter, it is referred to as CAB) obtained by further butyl-esterifying a partially acetylated cellulose. 
[0452] In the cellulose derivatives having hydroxyl groups to be employed in the present invention, a number average 
molecular weight preferably ranges in 3,000-300,000, and more preferably in 5,000-150,000. 

[0453] Further, in the cellulose derivatives having hydroxyl groups, content of hydroxyl groups is desirably not less 
than 0.4% by weight. In the case that the content of hydroxyl groups is less than 0.4% by weight, a grafting ratio lowers 
because (meth)acryloyl groups becomes unavoidably slight which are introduced into the cellulose derivatives having 
hydroxyl groups, unpreferably resulting in that the modified polymer having carboxylic groups is not apt to be self- 
emulsified. 

[0454] If there are typically exemplified only the cellulose derivatives having hydroxyl groups as commercially sup- 
plied products, there are enumerated "CAB" series, "CAP" series, and "CA n series which are manufactured by Eastman 
Kodak, Ltd. in USA. 

[0455] Further, a urethane resin having hydroxyl groups can be also simultaneously-employed. By the use of the 
urethane resin, there can be obtained characteristics such as elasticity and flexibility derived from the urethane resin, 
and there can become obtained a coating layer having a corrosion resistance which is tough in impact. 
[0456] Such the polyurethane resin having hydroxyl groups is obtained by allowing to polymerize an aliphatic and/ 
or cycloaliphatic diisocyanate with an alkyl diol, a polyether diol, a polyester diol, or a mixture thereof and, optionally, 
a low molecular weight polyhydroxy compound under the presence or absence of an organic solvent not containing 
an active hydrogen atom (an active hydrogen group) in the molecule in a proportion of OH/NCO equivalent ratio ranging 
in 1.1-1.9 by a one-shot method or a multi-stage method. 

[0457] Herein, in the case that the OH/NCO equivalent ratio is less than 1.1, hydroxyl value becomes unavoidably 
small, resulting in that introduction of vinyl group is apt to become insufficient and, as a result therefrom, copolymeri- 
zation with a monomer having carboxylic group described later is apt to become insufficient and, as a result, a water 
dispersion property often lowers. 

[0458] On the other hand, in the case of exceeding 1 .9, products having low molecular weight are unavoidably pro- 
duced, and there become unpreferably observed various characteristics such as physical properties in a coating layer. 
[0459] As the above-described aliphatic and cycloaliphatic diisocyanate to be employed for the preparation of such 
the polyurethane resin having hydroxyl groups, particularly, there are typically enumerated aliphatic diisocyanates 
having a carbon number of 2-12. such as hexamethylene diisocyanate, 2,2,4-trimethylhexane diisocyanate, or ridine- 
diisocyanate, and particularly, there are typically enumerated cycloaliphatic diisocyanates having a carbon number of 
4-18 such as 1 ,4-cyclohexane diisocyanate, 1-isocyanate-3-isocyanatemethyl-3,5,5-trimethylcyclohexane (isophor- 
one diisocyanate), 4,4 , -dicyclohexylmethane diisocyanate, methylcyclohexylene diisocyanate, and isopropylidene di- 
cyclohexyl-4,4-diisocyanate. 

[0460] Further, there can be enumerated a modified product (carbodiimide, urethodion or urethoimine-contained 
modified product) of the various diisocyanates, or a mixture of two or more kinds. 

[0461] Of those, as a preferred one, there are enumerated the cycloaliphatic diisocyanates, particularly, 1 ,4-cyclohex- 
ane diisocyanate, 1-isocyanate-3-isocyanatemethyl-3,5,5-trimethylcyclohexane or 4,4'-dicyclohexylmethane diisocy- 
anate. 

[0462] Herein, in the case that an aromatic diisocyanate is employed, a coating layer is apt to yellow in curing for 
baking and, since the coating layer is apt to discolor by an influence of an ultraviolet ray, there must be paid attention 
according to uses. 

[0463] As the polyetherdiol, there are particularly exemplified typical examples alone, and there are enumerated a 
variety of alkylene oxides such as ethyleneoxide, propylene oxide, or butylene oxide; a compound obtained by polym- 
erization or copolymerization of a variety of heterocyclic ethers such as tetrahydrofuran; or a polyethylene glycol, a 
polypropylene glycol, a polyethylene-polypropylene glycol, a polytetramethylene etherglycot, and a polyhexamethylene 
etherglycol, etc. 

[0464] As the polyesterdiol, there are particularly exemplified typical examples alone, and there are enumerated 
compounds such as a polyethylene adipate, a polybutylene adipate, a polyhexamethylene adipate, a polyneopentyl 
adipate, a poly-3-methylpentyl adipate, a polyethylene/polybutylene adipate, a polyneopentyl/hexyl adipate which are 
obtained by polycondensation of dicarboxylic acids typified by adipic acid, succinic acid, sebasic acid, maleic acid, 
fumaric acid, and phthalic acid with glycols typified by ethylene glycol, propylene glycol, 1,4-butane diol, 1,6-hexane 
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diol, 3-methyM ,5-pentane diol, neopentyl glycol, bishydroxymethyl cyclohexane; or polylactone diols typified by a poly- 
caprolactone diol, a poly-3-methyl-vaierolactone diol; polycaprbonate diols; or a mixture of two or more kinds thereof, 
etc. 

[0465] As the alkyldiol, there are particularly exemplified typical examples alone, and there are enumerated fatty 

5 acid esters of glycerine. 

[0466] Further, as polyhydroxy compounds having a low molecular weight, there are particularly exemplified typical 
examples alone, and there are enumerated glycols having a number average molecular weight of less than 500 which 
are enumerated as raw materials for the polyester diols or adducts (a molecular weight of less than 500) in which a 
small amount of an alkylene oxide is added to the glycols; a variety of trivalent alcohols such as glycerine or trimethylol 

10 propane, or adducts (a molecular weight of less than 500) in which a small amount of an alkylene oxide is added to 
the trivalent alcohols; and a mixture of two or more kinds thereof, etc. 

[0467] Amount of the polyhydroxy compounds having a low molecular weight appropriately ranges in usually 0.1-20% 
by weight, and preferably 0.5-10% by weight with respect to the above-described polyether diols or polyester diols. 
[0468] Further, as polyether diols and/or polyester diols to be employed for the preparation of the above-described 
is urethane resins, there are employed ones having a number average molecular weight of 500-5,000, and preferably 
1,000-3,000. 

[0469] In the case that the number average molecular weight is less than 500, the urethane resins unavoidably 
becomes rigid, resulting in that desired properties are not obtained in a coating layer and, on the other hand, in the 
case of excessively exceeding 5,000, a molecular weight in the urethane resins obtained also becomes high and, as 

20 a result, a hydroxyl value lowers, resulting in that a modification by a vinyl becomes insufficient. 

[0470] Further, as described later, it is needless to say that carboxylic groups may be introduced for the purpose of 
elevating compatibility with a copolymer from a variety of polymerizable monomers including a variety of carboxylic 
group-contained polymerizable monomers, and adhesion to a body to be covered (a body to be coated). Specifically, 
for example, it is introduced by allowing to react a variety of dimethylol alkane acids such as dimethylol propionic acid. 

25 [0471] However, the introduction of hydrophilic groups such as carboxylic groups elevates a hydrophilicity in the 
urethane resins and, as a result therefrom, since water resistance is lowered in a coating layer, addition amount is 
preferably limited to not more than 5% by weight. 

[0472] Likewise, although the polyester-based resin can be also employed together as a resin having hydroxyl 
groups, a small molecular weight causes a problem of hydrolysis resistance in the case of a water-based coating. On 
30 the other hand, since a large molecular weight occasionally causes an insufficient modification and an amount of 
crosslinkable functional groups becomes insufficient, crosslinking density cannot be elevated. For that reason, there 
is observed a tendency of poor solvent resistance. 

[0473] As described hereinabove, a variety of resins having hydroxyl groups are allowed to react with (meth)acrylic 
anhydride in an inert organic solvent under the absence of catalysts and, moreover, at a relatively low temperature of 

35 60-80°C for 1-6 hours or so while agitating to introduce vinyl groups in to the resins. 

[0474] A reaction (esterification) in the case is conducted by monitoring with, for example, a Fourier transformation 
ultraviolet ray photometer (FI-IR) until an absorption by a specified acid anhydride such as (meth)acrylic anhydride is 
not observed or maintained at a low constant value, whereby, completion of the reaction can be confirmed through 
such means or methods. It is to be noted that a confirmation means is not limited thereto alone. 

40 [0475] In the present invention, as the inert organic solvent to be employed in synthesis of the resin having hydroxyl 
groups and the reaction with an anhydride, there are particularly exemplified typical examples alone, and there are 
enumerated a variety of ketones such as acetone, methylethyl ketone, methylisobutyl ketone, ethylpropyl ketone, and 
ethylbutyl ketone; esters; or aromatic hydrocarbons, etc., and those are preferably employed. 

[0476] The (meth)acrylic anhydrides are allowed to react in a proportion of an amount to be modified by the (meth) 
45 acrylic anhydrides of 0.5-30% with respect to hydroxyl group equivalent contained in 1 00 g of the resin having hydroxyl 
groups. In the case that the amount to be modified is less than 0.5%, vinyl groups are not sufficiently introduced, 
resulting in that copolymerization with monomers, which is successively conducted, is not sufficiently conducted and 
a water dispersion property lowers. 

[0477] On the other hand, in the case of exceeding 30%, those are highly-polymerized by successive copolymeri- 
50 zation, and gelation is unpreferably apt to be caused. 

[0478] By allowing to react the vinyl group-modified resin having hydroxyl groups obtained herein with a variety of 
vinyl-based monomers including a carboxylic group-contained vinyl-based monomer as an essential component, the 
acrylic polyol resin (Vl-A) is obtained which is a desired product. 

[0479] Incidentally, in the case of obtaining the acrylic polyol resin (Vl-A), there can be also blended two or more 
55 kinds of the vinyl group-modified resin having hydroxyl groups. 

[0480] For example, in the resin having hydroxyl groups, a crosslinking density can be also controlled by blending 
a copolymer having glycidyl groups with a copolymer not having glycidyl groups obtained by homopolymerizing or 
copolymerizing the hydroxyakyl(meth)acrylate composition modified by a small amount of lactones in relation to the 
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present invention. 

[0481] In the case, since a crosslinking agent and glycidyl groups form a crosslinked structure like an IPN (Interpen- 
etrating polymer network), respectively, there is shown a more excellent corrosion resistance. 

[0482] Further, by blending the resin having hydroxy! groups with the urethane resin having hydroxyl groups, there 
can be also conveniently achieved flexibility in a urethane resin and preparation of a vinyl-based polymer. 
[0483] In the case, even in different kind of resins themselves, since those are partially connected by chemical bonds 
through simultaneously copolymerizing those, compatibility becomes excellent, and clouding, etc. in a coating layer is 
not apt to be caused. 

[0484] As polymerizable monomers to be (co)polymerized with the vinyl group-modified resins having hydroxyl 
groups, there are basically employed monomers containing at least 10% by weight of the vinyl-based monomer having 
carboxylic group in total polymerizable monomers. In the case that use amount of the vinyl-based monomer having 
carboxylic group is less than 10% by weight, there is unpreferably observed a tendency that dispersion stability of a 
resin becomes unavoidably worse in a water-based medium. 

[0485] For example, as the vinyf-based monomer having carboxylic group and other vinyl-based monomers, the 
above-mentioned ones are enumerated. Incidentally, as a reaction ratio of the vinyl group-modified resins having hy- 
droxyl groups with respect to a variety of the vinyl-based monomers having carboxylic group, ratio of the former resins: 
latter monomers appropriately ranges in 20:80-90:10 by weight ratio. 

[0486] In the case that the use ratio of the vinyl-modified resins having hydroxyl groups is less than 20% by weight, 
since there is occasionally observed a case that a variety of properties in a resin are not unavoidably made the most, 
it is not preferred and, on the other hand, in the case that the use ratio of the resins is more than 90% by weight, the 
number of carboxylic groups becomes small, and a self-dispersion property becomes insufficient in a resin obtained, 
unpreferably resulting in that dispersing becomes often impossible in a water-based medium. 

[0487] There is conducted a polymerization reaction of a variety of the vinyl-based monomers including the carboxylic 
group-contained vinyl-based monomer with the vinyl-modified resins having hydroxyl groups using a variety of radical 
polymerization initiators such as azobisisobutyronitrile or benzoyl peroxide which are publicly-known at a temperature 
of 60-1 50°C or so in an inert organic solvent 

[0488] As the organic solvent in the case of conducting the reaction, there are particularly exemplified typical exam- 
ples alone, there are enumerated a variety of ketones such as acetone, methylethyl ketone, and diisobutyl ketone; or 
aromatic hydrocarbons such as toluene or xylene. Further, there can be also preferably employed a variety of ester- 
based solvents such as ethyl acetate or butyl acetate. 

[0489] In a method for the preparation of crosslinked particles in the present invention, a variety of the acrylic polyols 
(Vl-A) (a self-dispersible crosslinking agent) as described hereinabove are mixed with the poyisocyanate compound 
(Vl-B) (a hydrophobic crosslinking agent), and then, emulsified by phase inversion into a water-based medium to involve 
the hydrophobic crosslinking agent in the particles, followed by accelerating crosslinking in the particles, whereby, 
desired crosslinked particles can be obtained. 

[0490] As the poyisocyanate compound (Vl-B) to be employed in the present invention, there are aromatic, aliphatic, 
and cycloaliphatic polyisocyanates and, as the aromatic polyisocyanates, there are preferred polyisocyanates having 
a carbon number of 6-30, as the aliphatic polyisocyanates, there are preferred polyisocyanates having a carbon number 
of 4-30, and as the cycloaliphatic polyisocyanates, there are preferred polyisocyanates having a carbon number of 
8-30. For example, there are enumerated 2,4-naphthalene diisocyanate, 1, 5-naphthalene diisocyanate, 4,4-diphe- 
nylmethane diisocyanate, 4,4'-diphenyldimethylmethane diisocyanate, dialkyldiphenylmethane diisocyanate, 
tetraalkyldiphenylmethane diisocyanate, 4,4-diphenylene diisocyanate, 4,4-dibenzyl diisocyanate, 1,3-phenylene di- 
isocyanate, 1 ,4-phenylene diisocyanate, tolylene diisocyanate such as 2,4-tolylene diisocyanate and, 2,6-tolylene di- 
isocyanate, xylilene diisocyanate such as p-xylilene diisocyanate and m-xylilene diisocyanate, 1 ,4-tetram ethylene di- 
isocyanate, 1 , 5-pentamethylene diisocyanate, 1 ,6-hexamethylene diisocyanate, 2,2,4-trimethylhexamethylene-1 ,6-di- 
isocyanate, 2,4,4-trimethylhexamethylene-1,6-diisocyanate, ridine diisocyanate, cyclohexane-1,4-diisocyanate, iso- 
phorone diisocyanate, 4,4'-diisocyanate dicyclohexane, dicyclohexylmethane-4,4'-diisocyanate, methylcyclohexane 
diisocyanate such as 1 ,3-bis(isocyanatemethyl)cyclohexane and methylcyclohexane-2,4 (or 2,6)-diisocyanate, or an 
adduct of these diisocyanates to a polyvalent alcohol such as ethyleneglycol, propylene glycol, a polyethylene glycol, 
a polypropylene glycol, a polycaprolactone polyol, trimethylol ethane, and trimethylol propane, a polyester resin (in- 
cluding an oil-modified type) having a functional group which reacts with isocyanate group, an acrylic resin, etc., and 
water, etc., a buret compound, a polymer allowed to react between isocyanates, or an equimolar adduct of 2-hydrox- 
ypropyl (meth)acrylate-hexamethylene diisocyanate, a copolymer essentially containing a vinyl-based monomer which 
has an isocyanurate group such as isocyanatemethyl (meth)acrylate and a copolymerizable unsaturated group, or 
compounds described in JP-A-61072013 Official Gazette, and a blocked compound blocked by a blocking agent such 
as a lower monovalent alcohol, phenols, methylethylketoxime, and a lactam, etc. 
[0491] The diisocyanates may be employed solely or even in combination of tow or more kinds. 
[0492] From a viewpoint of a color tone in a coating layer obtained using the curable resin composition of the present 
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invention, as a polyisocyanate compound, non-yellowing type polyisocyanates are preferred, and the following ones 
are disclosed as an example. 

[0493] There are enumerated aliphatic-based polyisocyanates such as 1 ,4-tetramethylene diisocyanate, 1,5-pen- 
tamethylene diisocyanate, 1 ,6-hexamethylene diisocyanate, 2,2,4-trimethyM ,6-hexamethylenediisocyanate, and rid- 
ine diisocyanate; cycloaliphatic-based polyisocyanates such as isophorone diisocyanate, methyl cyclohexane-2,4-(or 
2,6) diisocyanate, dicyclohexyl methane^^-diisocyanate, and 1 ,3-bis(isocyanatemethyl) cyclohexane, and the 
above-described derivatives (including an adduct) therefrom. Of those, there are preferably enumerated 1 ,6-hexam- 
ethylene diisocyanate (hereinafter, abbreviated as HMDI), isophorone diisocyanate (hereinafter, abbreviated as IPDI), 
and a derivative (including an adduct) therefrom in view of weatherability and an ease of industrially-obtaining. 
[0494] Since the polyisocyanate compounds reacts with polyols in a base material even at room temperatures, those 
include a problem that those are poor in storage stability, and handling is troublesome and, those are unpreferred in 
view of safeness and hygiene. Accordingly, blocked type polyisocyanates are preferred as the polyisocyanate com- 
pounds. 

[0495] Although the blocked type polyisocyanates (hereinafter, occasionally referred to as a highly-branched block 
polyisocyanate) are obtained even only by allowing to react the polyisocyanates with a polyvalent alcohol, more pref- 
erably, those can be obtained by cyclic trimerization of an isocyanate, that is, isocyanuration after allowing to react a 
diisocyanates with the polyvalent alcohol. 

[0496] As the polyvalent alcohol in the case, there is preferred an alcohol having three or more functionalities and, 
as a polyvalent alcohol having a low molecular weight, for example, there are trimethylol propane, glycerine, 1,1,7-tri- 
methylol heptane, 1 ,2,7-trimethylol heptane, and pentaerythritol, etc . As a polyvalent alcohol having a higher molecular 
weight, for example, there are enumerated aliphatic hydrocarbon polyols, polyether polyols, polyester polyols, and 
epoxy resins haing a plurality of hydroxyl groups at terminals, etc. 

[0497] As the aliphatic hydrocarbon polyols, for example, there are enumerated a polybutadiene having hydroxyl 
group at terminals and a hydrogenate product therefrom, etc. Further, as the polyether polyols, for example, there are 
enumerated so-called polymer polyols, etc. that is, polyether polyols or polytetramethyleneglycols obtained by adding 
alkylene oxides such as ethylene oxide or propylene oxide alone or in a mixture, and components obtained by obtained 
by polymerizing acrylic amides in media which are polyethers obtained by reacting alkylene oxides with polyfunctiona! 
compounds such as ethylenediamine or ethanolamines. 

[0498] As the polyester polyols, there are enumerated polyester polyol resins obtained by condensation reaction of 
at least one of a polybasic acid with at least one of polyvalent alcohols and polycaprolactones obtained by ring-opening 
polymerization of e-caprolactone using the polyvalent alcohols. 

[0499] As the polybasic acid, for example, there are enumerated phthalic acid (anhydride), terephthalic acid, isoph- 
thalic acid, tetrahydrophthalic acid (anhydride), hexahydrophthalic acid (anhydride), 4-methylhexahydrophthalic acid 
(anhydride), 3-methylhexahydrophthalic acid (anhydride), 3-methyltetrahydrophthalic acid (anhydride), trimerritic acid 
(anhydride), pyromerriticacid (anhydride), hetacid (anhydride), hymicacid (anhydride), adipicacid, sebasicacid, azela- 
ic acid, succinic acid (anhydride), maleic anhydride, fumaric acid, itaconic acid, and a dimer acid, etc. The acid may 
be employed even in the form of an ester of a lower alcohol such as dimethylisophthalate and dimethylterephthalate. 
[0500] The polyvalent alcohols are a compound having at least two alcoholic or phenolic hydroxyl groups in a mol- 
ecule, for example, there are specifically enumerated ethylene glycol, diethylene glycol, triethylene glycol, polyethylene 
glycol, 1,6-hexanediol, pentanediol, cyclohexane dimethanol, propylene glycol, butylene glycol, butylene diglycol, tri- 
methylol ethane, trimethylol propane, glycerine, neopentyl glycol, sorbitol, tris(2-hydroxyethyl)isocyanurate, diethanol 
amine, diisopropanol amine, bisphenol A, and bisphenol F, etc. 

[0501] As the epoxy resins, for example, there are enumerated a novolak type, p-methylepichlorohydrin type, a cyclic 
oxirane type, a glycidylether type, a glycolether type, an epoxy type of an aliphatic unsaturated compound, an epoxi- 
dized fatty acid ester type, a polycarboxylic acid ester type, an aminoglycidyl type, a halogenated type, and resorcino! 
type, etc. 

[0502] . Of the polyols, there are preferably employed the above-described polyvalent alcohol having a low molecular 
weight and a polyether polyol having 3-8 pieces of hydroxyl groups in a molecule, the aliphatic hydrocarbon polyols, 
and polyester polyols and, particularly preferably, the polyester polyols. These may be employed solely or in combi- 
nation of two or more kinds. Aliphatic or cycloaliphatic diisocyanate and the polyvalent alcohols are allowed to react 
at 50-200°C, and preferably 50-1 50°C. In the case, solvents may be employed, and there are preferably employed 
solvents which are inactive to an isocyanate. As such the inactive organic solvents, for example, there are employed 
at least one kind of aliphatic hydrocarbons such as hexane, heptane, and octane, aromatic hydrocarbons such as 
benzene, toluene, andxylene, esters, and ketones. Since the solvents occasionally contain moisture, it is preferred to 
optionally remove the moisture. Although the reaction can be conducted even after an isocyanuration reaction, it is 
preferably conducted prior to the isocyanuration reaction. 

[0503] In the isocyanuration reaction, catalysts are usually employed. The catalysts to be employed herein are pref- 
erably basic, for example, there are employed a quaternary ammonium salts and a weak organic acid salt thereof, an 
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alky! metal salt of an alkyl carboxylic acid, an metal alcholate, and a compound having an aminosilyl group, etc. Con- 
centration of the catalysts is usually selected from a range of 210 ppm to 1.0% based on isocyanate compounds. 
[0504] In the reaction, solvents may be employed or even not employed. In the case that the solvents are employed, 
there should be employed solvents which are inert to an isocyanate group. 
5 [0505] Reaction temperature is usually 20-1 60°C, and preferably 40-1 30°C. Termination point of the reaction de- 
pends upon the kind of the polyvalent alcohols to be employed, and it is a period at which yield attains to approximately 
30%. When the reaction attains to a target yield, for example, the reaction is terminated by deactivation of the catalysts 
by, for example, sulphonic acid, phosphoric acid, and phosphates, etc. 

[0506] In a highly-branched poly isocyanate having an isocyanurate structure after removal of unreacted diisocy- 

10 anates and solvents, viscosity at 25° C is preferably 0.5-300 Pas. In the case that the viscosity exceeds 300 Pas, outer 
appearance in a coating layer is adversely affected occasionally and, in the case of being less than 0.5 Pas, it is difficult 
to obtain a range of an average functional group number of the polyisocyanate regulated in the present invention. 
[0507] As a blocking agent for obtaining the highly-branched block polyisocyanate, for example, there are enumer- 
ated phenol-based ones such as phenol, cresol, xylenol, ethylphenol, o-isopropylphenol, butylphenol such as p-tert- 

15 butylphenol, p-tert-octy I phenol, nonylphenol, dinonylphenol, styrenized phenol, oxybenzoi cacid phenol, thymol, p- 
naphthol, p-nitrophenol, p-chlorophenol; alcohol-based ones such as methanol, ethanol, propanol, butanol, ethyleneg- 
lycol, methylcellosolve, butylcellosolve, methylcarbitol, benzyl alcohol, phenylcellosolve, fulfurylalcohol, and cyclohex- 
anol; active methylene-based ones such as dimethyl maloate, diethyl maloate, methylacetoacetate, ethylacetoacetate, 
and acetyl acetone; mercaptan-based ones such as butyl mercaptan, thiophenol, and tert-dodecyl mercaptan; amine- 

20 based ones such as diphenyl amine, phenylnaphtyl amine, aniline, and carbazole; acid amide-based ones such as 
acetanilide, acetoanisidide, amide acetate, and benzamide; Iactam-based ones such ase-caprolactam, 5-valerolactam, 
7-butyrolactam, and (3-propiolactam; acid imide-based ones such as succinic acid imide and maleic acid imide; imida- 
zole based ones such as imidazole, 2-methylimidazole, and 2-ethylimidazole; urea-based ones such as urea, thiourea, 
an ethylene urea; carbamide acid salt-based ones such as N-phenylcarbamic acid phenyl and 2-oxazolidone; imine- 

25 based ones such as ethyleneimine and a polyethylene imine; oxime-based ones such as formaldoxime, acetoaldoxime, 
acetoxime, methylethylketoxime, methylisobutylketoxime, and cyclohexanoeoxime; bisulphite-based ones such as so- 
dium bisulphite and potassium bisulphite, etc., and these may be even as a mixture. 

[0508] Of those, there are preferred the phenol-based ones, Iactam-based ones, alcohol-based ones, and oxime- 
based ones and, there are particularly preferred nonylphenol, styrenized phenol, oxybenzoic acid ester, acetoxime, 
30 methylethylketoxime, and e-caprolactam. 

[0509] In the case that a low temperature (not more than 140°C) baking is demanded, particularly, an oxime-based 
blocking agent is most preferred. 

[051 0] By allowing to react the blocking agent with the highly-branched polyisocyanate, the highly-branched blocked 
polyisocyanate can be obtained. Reaction of the isocyanate with the blocking agent can be conducted regardless of 
35 the presence or absence of solvents. In the case that the solvents are employed, there should be employed solvents 
which are inert to an isocyanate group. 

[0511] In the reaction for blocking, there may be even employed catalysts such as organic salts of metals such as 
tin, zinc, lead, and a tertiary amine, etc. The reaction can be conductedat -20 to 150°C and, preferably, 0 to 100°C. In 
the case of exceeding 100°C, side reactions are possibly caused and, on the other hand, in the case of too low tem- 
40 peratures, reaction rate becomes slow, and it is disadvantageous. 

[0512] The block polyisocyanate to be employed in the present invention has the number of average functional group 
of 4.5-10, preferably, 5-8 per 1 molecule of the block polyisocyanate. 

[0513] The number of average functional group in the block polyisocyanate is a number of an isocyanate functional 
group to be statistically possessed in 1 molecule of the block polyisocyanate, and it is calculated by the above-described 
<5 equation (1) from a number average molecular weight of the polyisocyanate before the blocking reaction and an iso- 
cyanate concentration (%). 

[0514] As the above-described polyisocyanate compound to be employed as the hydrophobic crosslinked particles, 
there are typically enumerated a variety of toluene diisocyanate(TDI)-based polyisocya nates typified by a trimethylol- 
propane (TMP) adduct-prepolymer; a variety of hexamethylene diisocyanate(HMDI)-based polyisocyanates typified 
so by a TMP adduct-prepolymer; (HMDI) -based polyisocyanates which are buret type HMDI-based polyisocyanates or 
an isocyanurate-prepolymer; isophorone diisocyanate(IPDI)-based prepolymers which are an isocyanurate-prepoly- 
mer; a variety of xylilene diisocyanate (XDI)-based polyisocyanates typified by a TMP adduct-prepolymer; or 4,4'- 
diphenylmethane (MDI)-based diisocyanates, etc. 

[0515] In the above-described hydrophobic crosslinked particles, an epoxy resin can be simultaneously employed. 
55 Particularly, typical resins alone are exemplified, and there are enumerated "Epikote 828 or 1001" which is a bisphenol 
A type one manufactured by Yuka Shell, Ltd.; an epoxidized polybutadiene manufactured by Adeka Argus, Ltd.; 
"DEN431, 438, XD-7818, XD-7855, or DER331" which is a phenol-novolak type epoxy resin manufactured by Dow 
Chemical, Ltd.; "ECN268, 273, 280, 285, or 299" which is a cresol-novolak type epoxy resin manufactured by Asahi 
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Kasei Kogyo, Ltd.; or multifunctional glycidyl amines or multifunctional glycidyl ethers, etc. 

[0516] Further, as such the epoxy resins, there can be also employed copolymers having glycidyl groups obtained 
by copolymerization of glycidyl(meth)acrylate. 

[0517] In the present invention, since urethane bonds produced by using the polyisocyanate compound can exhibit 
more excellent properties such as, above all, chemical resistance and hydrolysis resistance compared to other ether 
bonds and ester bonds, a mode of the present invention is particularly desired. 

[0518] The acrylic polyol resin (Vl-A) and the polyisocyanate compound (Vl-B) in relation to the present invention 
construct an essential component in the curable resin composition of the present invention, and it is employed as raw 
materials for a coating. 

[0519] There is decided an equivalent ratio of isocyanate groups or a blocked isocyanate group in the polyisocyanate 
with respect to hydroxyl groups in the resin having hydroxyl groups according to physical properties in a coating layer 
to be required. 

[0520] The acrylic polyol resin (Vl-A) obtained by using the hydroxyakyl(meth)acrylate composition modified by a 
small amount of lactones and the polyisocyanate compound (Vl-B) are preferably formulated in a ratio of OH/ 
NCO=1/0. 5-1/1 .5 (equivalent ratio) from a viewpoint of characteristics in a coating layer. Above all, those are formulated 
in a range of OH/NCO=1/0.7-1/1.2 (equivalent ratio). 

[0521] In the case that NCO is not more than 0.5 equivalent with respect to 1 equivalent of OH, there are not shown 
physical properties to be desired for a coating layer such as extensibility, weatherability, solvent resistance, and staining 
resistance and, in the case of not less than 1.5 equivalent, although the physical properties for a coating layer are 
obtained, it is not preferred from a viewpoint of readily bubbling under a high temperature, and a high price in a coating. 
[0522] The curable resin composition of the present invention contains 20-90 parts by weight of the acrylic polyol 
resin (Vl-A) obtained by using the hydroxyakyl(meth)acrylate composition modified by a small amount of lactones (a) 
and 5-50 parts by weight of the polyisocyanate compound (Vl-B) as essential components, provided that total of the 
(Vl-A) and (Vl-B) does not exceed 100 parts by weight. 

[0523] In the case that the acrylic polyol resin (Vl-A) is less than 20 parts by weight, there lacks an amount of a 
hydrophilic portion taking charge of a water dispersibiiity, and there lowers a water dispersion stability and, in the case 
of exceeding 90 parts by weight, there become unpreferably worse workability and a water dispersibiiity. In the case 
that the polyisocyanate compound (Vl-B) is less than 5 parts by weight, curability becomes insufficient and, on the 
other hand, in the case of exceeding 50 parts by weight, a cured coating layer becomes unpreferably too rigid or too 
brittle. 

[0524] As use ratio of the acrylic polyol resin (Vl-A) with respect to the polyisocyanate compounds (VI -C), the polyiso- 
cyanate compounds (Vl-B) are 60-10% by weight with respect to the 40-90% by weight of the acrylic polyol resin (Vl-A). 
In the case that the use ratio the acrylic polyol resin (Vl-A) is less than 40% by weight, a self-condensation reaction 
increases in the polyisocyanate compounds themselves, and coating layer becomes brittle, resulting in becoming not 
appropriate as a coating for, for example, a molded article from a polyolefine-based resin. On the other hand, in the 
case that the use ratio of the acrylic polyol resin (Vl-A) exceeds 90% by weight, crosslinking becomes insufficient, and 
there lower solvent resistance and weatherability. A preferred use ratio of the acrylic polyol resin (Vl-A) is 60-80% by 
weight and, accordingly, a preferred use ratio of the polyisocyanate compounds (Vl-B) is 20-40% by weight. In the 
case that the use ratio of the polyisocyanate compounds (Vl-B) is less than 20% by weight, curability becomes insuf- 
ficient and, an tntermolecular crosslinking density lowers and, as a result, there is readily caused a situation that there 
are not sufficiently shown characteristics by using the crossiinked particles. On the other hand; in the case of exceeding 
40% by weight, a cured coating layer becomes too rigid and, emulsifying through phase inversion often becomes 
difficult or quite impossible. Accordingly, it is not preferred in both cases. 

[0525] The present invention basically intends to provide a method for the preparation of crossiinked particles com- 
prising d ispersing and crosslinking a mixture of the acrylic polyol resin (Vl-A) having carboxylic groups and crosslinkable 
functional groups with the polyisocyanate compounds (Vl-B) (a hydrophobic crosslinking agent) into a water-based 
medium, or a method for the preparation of urethane-urea/ethylenic resin composite type crossiinked particles obtained 
by polymerizing a polymerizable ethylenic unsaturated compound containing at least the hydroxyakyl (meth)acrylate 
composition modified by a small amount of lactones in water in which crossiinked urethane-urea particles are dispersed, 
and, in addition, intends to provide a coating which comprises containing thus-obtained various crossiinked particles 
as essential thin layer-formable resin components. 

[0526] Herein, specified crossiinked particles to be employed in the present invention are obtained by dispersing 
and crosslinking a mixture of the acrylic polyol resin (Vl-A) having carboxylic groups and crosslinkable functional groups 
with the polyisocyanate compounds (Vl-B) (a hydrophobic crosslinking agent) into a water-based medium. 
[0527] That is, the acrylic polyol resin (Vl-A) to be employed for the preparation of the specified crossiinked particles 
is a so-called self water-dispersible resin which simultaneously contains carboxylic groups which are a hydrophilic 
segment and crosslinkable functional groups which can react with the polyisocyanate compounds (Vl-B) (a hydrophobic 
crosslinking agent), and which means a resin which forms an O/W discontinuous phase by emulsifying through a phase 
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inversion while adding water into an organic continuous phase (O). 

[0528] In the case, it is a resin which is basically different from a water-soluble resin. Further, such the self water- 
dispersible resin is accompanied by a physical and chemical phenomenon of a phase inversion from organic phase to 
water phase, and it has an ability of forming O/W particles in a water-based medium. In the case, hydrophobic sub- 
stances can be taken into particles. 

[0529] The present invention intends to provide highly-crosslinked particles which have not been conventionally 
prepared by emulsifying thepolyisocyanate compounds (Vl-B) (a hydrophobic crossiinking agent) together with the self 
water-dispersible resin into a water-based medium through a phase inversion utilizing characteristics of such the self 
water-dispersible resin to take the polyisocyanate compounds (Vl-B) into the particles, and then, by proceeding a 
crossiinking reaction. 

[0530] Further, a coating which contains such the crosslinked particles as an essential component can provide a 
coating layer having a very excellent corrosion resistance. 

[0531] If the acrylic polyo! resin (Vl-A) is a water-soluble resin, since particles are formed by the hydrophobic 
crossiinking agent which functions as a nucleus, stability becomes insufficient in the water-based medium, and it is 
apt to be readily gelled during proceeding the crossiinking reaction, or it tends to gel with a lapse of time. 
[0532] The crosslinked particles obtained by a method for the preparation in the present invention are mixed with 
the acrylic polyol resin (Vl-A) and the polyisocyanate compounds (Vl-B) (a hydrophobic crossiinking agent), followed 
by dispersing into a water-based medium by adding a basic material. 

[0533] As the basic material to be employed herein, volatile tertiary amines are preferably employed and, contrarily, 
inorganic basic compounds unpreferabiy remain in a coating layer, and show a tendency that water resistance becomes 
worse. 

[0534] As the amines, there are exemplified particularly typical examples alone, and there are enumerated a variety 
of alkyl amines such as trimethylamine or triethylamine; a variety of alcohol amines such as dimethylaminoethanol, 
diethanolamine or aminomethylpropanol; and a variety of cyclic amines such as morpholine. 

[0535] Subsequently, after dispersing into a water-based medium, solvents are optionally removed and, in the case 
that the polyisocyanate compounds are contained, heating is conducted at 50-60°C for 1 hour or so, and, in the case 
that an epoxy resin is contained, heating is conducted at 80°C or so for 1-2 hours or so to accelerate a crossiinking, 
and then, there can be obtained a water dispersion liquid containing crosslinked particles having a desired solid-content 
by removing water. 

[0536] Further, in the present invention, there can be employed the following type ones as a urethane/acrylic resin 
composite type crosslinked particles. That is, the type ones are obtained by 1) first of all, a water dispersion containing 
crosslinked urethane particles are independently prepared, subsequently, 2) a low polymerizable vinyl-based monomer 
in relation to the present invention is added dropwise into the water dispersion under the presence of a radical polym- 
erization initiator (it is a so-called seed polymerization method) to effect polymerization. 

[0537] Herein, as a method for obtaining a water dispersion of crosslinked urethane particles, three methods are 
outlined. Since all methods are a publicly-known method to a skilled person in the art, outlines alone are illustrated. 
First of those is a method in which there is emulsified a polyisocyanate prepolymer having isocyanate groups at ter- 
minals in the molecule under the presence of an emulsifier and/or a water- soluble resin for a protecting colloid, and 
then, the isocyanate groups at terminals are crosslinked by adding a crossiinking agent such as polyamines to obtain 
desired crosslinked particles. 

[0538] Second of those is a method in which any one of anionic, cationic, and nonionic hydrophilic groups is intro- 
duced as pendant groups into a molecule of the polyisocyanate-prepolymer having an isocyanate groups at terminals, 
whereby, the prepolymer itself is self-emulsified without using an auxiliary agent such as an emulsifier and, polyamines 
which are a crossiinking agent are likewise added to prepare crosslinked particles. 

[0539] Third of those is a method in which the same prepolymer as in the second method is mixed with the hydro- 
phobic polyisocyanate compounds, and then, emulsified by a phase inversion into a water-based medium, and a 
polyamine which is a crossiinking agent is added after introducing the hydrophobic polyisocyanate compounds into 
particles to prepare crosslinked particles. 

[0540] Of those, in the second and third methods, although auxiliary agents may be even simultaneously employed, 
it is preferred to not simultaneously employ the auxiliary agents in consideration of succeeding steps. 
[0541] For that reason, in the present invention, it is required that it is often desired to employ crosslinked urethane 
particles obtained by the second and third methods in which the auxiliary agents such as emulsifiers are not simulta- 
neously employed. 

[0542] In a polymerization step of a polymerizable vinyl-based monomer typified by the hydroxyaky!(meth)acrylate 
composition modified by a small amount of lactones in relation to the present invention by employing the crosslinked 
urethane particles dispersion as a seed, a characteristic part is to employ a crosslinked urethane water dispersion as 
a seed material and, needless to say, as a method for the polymerization of the vinyl-based monomer, conventional 
methods can be employed without any modification. 
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[0543] As the radical polymerization initiators, any one of water-soluble or oil-soluble ones can be employed and, 
above all, water-soluble radical initiators can be more readily employed, and those can also contribute to a dispersion 
stability in the water dispersion of a composite resin obtained, accordingly, those are more desired. 
[0544] As weight ratio of solid components in the Crosslin ked urethane resin (GU) with respect to the polymerizable 

5 vinyl-based monomer (VM), although there can be applied a range of 0/1 00<GU/VM< 100/0, in the case that there are 
not employed auxiliary agents such as emulsiflers at all, it appropriately ranges in 20/80 <GU/VM< 100/0 depending 
upon a gel density (a crosslinking density) and dispersion stability of a gel-urethane to be employed. 
[0545] However, since a main purpose of modification for a composite is to allow to manifest all properties of both 
the above-described crosslinked urethane resin (GU) and a polymer derived from the polymerizable vinyl-based mon- 

10 omer (VM), in order to allow to manifest all the properties of both resins, it ranges in 10/90<GU/VM<90/10, and pref- 
erably in 25/75<GU/VM<75/25 > and the range is particularly recommended. 

[0546] The polymerizable vinyl-based monomers may be even added dropwise to a seed system maintained under 
conditions of reaction temperatures or, may be even added dropwise to a seed system maintained under conditions 
of reaction temperatures after having absorbed the polymerizable vinyl-based monomers in swelled seed particles 
15 under conditions of reaction temperatures. 

[0547] Such the dropwise addition is mainly conducted for the purpose of controlling a reaction heat accompanied 
by polymerization, accordingly, a method for the dropwise addition is not particularly limited. 

[0548] In thus-obtained composite type water dispersion of a crosslinked urethane resin/vinyl-based resin, in the 
case of employing a multifunctional vinyl-based monomer, networks derived from both resins are intertwined each 
20 other and the so-called IPN is formed and, as a result, there can be obtained a product having more excellent solvent 
resistance and chemical resistance, and a high tensile force. 

[0549] Incidentally, in a method of the present invention, there can be formed a coating layer which is particularly 
excellent in corrosion resistance from a coating containing crosslinked particles having characteristics as described 
hereinabove as an essential thin layer-formable resin component, accordingly, the present inventor names the method 

25 as a gel particle layer-forming method. 

[0550] That is, the present invention intends to provide a method for the formation of a coating layer having a corrosion 
resistance for a metal, namely, the gel particle layer-forming method in which there is employed a coating agent con- 
taining more than 50% by weight of the above-described crosslinked particles having a particle diameter of not more 
than 1 micron (p,m) as an essential thin layer-formable resin component in the case of the formation of a coating thin 

30 layer having corrosion resistance for a metal or a decorative coating layer having corrosion resistance for a metal by 
coating a liquid coating agent (a liquid coating) onto a metal to be coated and drying and, by heating at a temperature 
of 100-350°C or so for a fixed time of period. 

[0551] After all, there was found that in the gel particle layer-forming method, crosslinked particles themselves are 
crosslinked each other according to a design level of the crosslinked particles, whereby, a continuous thin layer can 

35 be formed, or a continuous thin layer can be formed through a crosslinking between a particle and a particle by em- 
ploying together a crosslinking agent and, further, the method does not cause any inconveniences and, as a result, 
any problems even though there is employed together a melamine resin-based curing agent having a problem in a 
conventional method for forming a layer as a crosslinking agent, and the present invention has been completed. 
[0552] In other words, a following mechanism is guessed, that is, the crosslinked particles are formed by strong 

40 bonds against a variety of chemicals such as acids and alkalis and, in addition, a main component for a thin layer- 
formable resin is constructed by the crosslinked particles crosslinked in a level of not being apt to swell in solvents, 
whereby, even though crosslinked bonds between particles are a so-called weak bond against chemicals such as 
methylene ether bond which is produced in the case of employing the melamine resin-based curing agent, since the 
bond is protected from every direction by the crosslinked particles, those becomes not apt to be directly attacked by 

45 chemicals, as a result therefrom, there manifests an excellent effect that it is suppressed to cause a problem such as 
decomposition. 

[0553] In addition, the crosslinked particles are a peculiar one molecule compound having a gelled (cross-linked) 
giant molecular weight. If roughly estimated, a molecular weight in a one molecule compound particle having a size of 
turn will attain to at least 300,000,000. 
so [0554] Needless to say, a thin layer-formable resin to be employed in a form of a conventional coating is of a level 
of a so-called prepolymer, and the molecular weight is 100000 or so to the utmost. 

[0555] In the gel layer-formable method in the present invention which starts from the crosslinked particles having 
a giant molecular weight, a continuous crosslinked gel layer is formed by production amount of chemical binds which 
are exceedingly slight compared to production amount of chemical binds to be required for preparing a crosslinked gel 
55 film having a sufficiently high molecular weight by forming a coating layer through crosslinking thereof, that is, by 
production amount of 1 piece per 0.3 billion pieces, whereby, a molecular weight in a coating layer produced can attain 
to an extraordinary level. 

[0556] In other words, in such the gel particles layer-formable method which starts from a giant molecule, the pro- 



45 



EP 1 227 113 A1 



duction amount of chemical binds to be required in layer-forming may be even substantially very slight compared to 
conventional methods. 

[0557] This means that temperature, time of period, or an amount of a catalyst which is a condition to be required 
for producing a chemical bond can be all reduced or shortened and, particularly, in the case that a cross-linking agent 
5 is simultaneously employed, use amount thereof can be more reduced. 
[0558] This is also a large characteristics in the present invention. 

[0559] In construction of the above-described liquid coating agent (a liquid coating) in the present invention, more 
than 50% by weight of the cross - linked particles are desirably contained as a resin component for film-forming (a thin 
layer-formable resin component). 
10 [0560] Even in the case of being less than 50% by weight, although an only about effect is shown, it is not sufficient 
Preferably, it is not less than 70% by weight. 

[0561] In order to obtain a glossy coating surface having smoothness, it may safely be said that there is required a 
particle diameter of not more than 1 m by all means and, moreover, a smaller diameter is more preferred. Further, it 
is desired to contain a component having a specified chemical bond such as urethane bond, whereby, a coating layer 
15 obtained becomes hard, flexible, and tough. 

[0562] By giving a so-called active atomic group (a polar group) such as hydroxy! group, carboxylic group, glycidyl 
group, or urethane bond into the particles, gel particles themselves are self crosslinked, or by crosslinking between 
particles in the form of employing together with a curing agent (a cross-linking agent), a continuous thin layer can be 
formed herein. 

20 [0563] Such the crosslinking reaction is usually induced by forcibly heating, and completed. 

[0564] Although depending upon a kind of a reactive active group (a reactive polar group), in order to complete the 
reaction within an appropriate time of period, there is by all means required a temperature of not less than 100°C, and 
preferably not less than 120°C. 

[0565] If the reactive active group (a reactive polar group) is a variety of unsaturated bonds such as vinyl group, 
25 since crosslinking is caused even by irradiation of so-called radiation rays such as an ultraviolet ray and an electron 
beam, although it does not always require to be heated, heating is also preferably conducted in order to proceed a 
reaction by accelerating a close fusion of particles themselves. 

[0566] In the case that the curing agent is simultaneously employed, as such the curing agent, there can be employed 
a variety of compounds such as a melamine resin, a phenol resin, and an isocyanate compound and, in order to obtain 

30 a coating layer having a light color by exposure and heating, the melamine resin is preferably employed. 

[0567] For example, in a water-based coating, a water-soluble or water-dispersible melamine resin is exemplified, 
and particularly typical examples alone are exemplified below, which include a hexamethoxymethyl melamine such as 
"MW12LF" manufactured by Sanwa Chemical, Ltd., "Nikalak MW-30" manufactured by Nihon Carbide Kagaku Kogyo, 
Ltd., or"Sumimal M-100C" manufactured by Sumitomo Kagaku Kogyo, Ltd., and a variety of methoxymethyl melamines 

35 which have free methylol group such as "Sumimal M-40V\T and "Sumimal M-30W" manufactured by Sumitomo Kagaku 
Kogyo, Ltd. 

[0568] Further, there can be also employed a melamine resin in which a so-called hydrophobic melamine resin diluted 
in a dilution ratio of not more than 20% by weight using water/methanol mixed solvent (weight ratio=35/65) is dispersed 
by a water-soluble resin or a dispersant and, above all, the hexamethoxy melamine resin is employed. 

40 [0569] And, use amount of the curing agent appropriately ranges in 1-25% by weight, and preferably 3-15% by weight 
based on amount of the crosslinked particles. As a thin layer-formable resin component other than the curing agent 
typified by the crosslinked particles and the above-described melamine resin, there can be also simultaneously em- 
ployed a thermoplastic resin having a reactive active group (a reactive polar group), and use amount of the thermoplastic 
resin having a reactive active group appropriately ranges in not more than 30% by weight, and preferably not more 

45 than 20% by weight in the thin layer-formable resin component. 

[0570] When there more increases the use amount of components other than the curing agent, various inherent 
properties in the gel layer-forming method are more deteriorated and, there becomes also more deteriorated an effect 
for manifesting a high corrosion resistance which is a target property. 

[0571] Further, if an average molecular weight between crosslinking points in the above-described various 
50 crosslinked particles ranges in 300-2,000, in the coating of the present invention essentially containing the crosslinked 
particles, corrosion resistance becomes more preferred. 

[0572] Incidentally, the average molecular weight between crosslinking points described herein is shown by a weight- 
ed average value after having calculated an average molecular weight per 1 piece of a functional group taking part in 
crosslinking in respective resins (also including the hydrophobic curing agent) to be formulated. 
55 [0573] It is to be noted that a temperature for film-forming in the crosslinked particles is preferred in not more than 
100°C. 

[0574] In the case of crosslinked particles which do not form a thin layer without heating at a temperature of more 
than 100°C even though a variety of solvents are employed as an auxiliary agent for film-forming, the temperature for 
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film-forming should be designed so as to become not more than 100°C because of a difficulty in obtaining a coating 
layer which is excellent in corrosion resistance which is one of purposes in the present invention and, also from a 
viewpoint of formulating composition or a crosslinking density. 

[0575] Further, in the case that the average molecular weight between crosslinking points is less than 300, that is, 
5 in the case that the crosslinking density is exceedingly high, as a result, it affects to the temperature for film-forming, 
fusion between particles or film-formation (thin layer-formation) become difficult, and various properties as a coating 
layer are unpreferably deteriorated. 

[0576] On the other hand, in the case that the average molecular weight between crosslinking points becomes too 
large exceeding 3,000, that is, in the case that the crosslinking density is low, as a result, the particles become apt to 

10 swell in a solvent, resulting in that solvent resistance also unpreferably lowers. 

[0577] In the coating of the present invention, needless to say, pigments can be also involved in the crosslinked 
particles which are an essential component in the coating. By involving the pigments in the crosslinked particles, the 
present invention has a merit of liberation from various problems by removing all drawbacks such as dispersibility and 
color-separation of pigments which have still become problematic until now. 

15 [0578] Particularly, in a water-based coating, since a excellent dispersant does not exist and, pigments are mainly 
dispersed using a water-soluble resin and, there is applied a method that the pigments are added and involved. On 
the other hand, in the present invention, pigments can be optionally involved without any modification in the crosslinked 
particles and, whereby, there can be removed an influence which depends upon surface conditions of a variety of 
pigments. Moreover, since the pigments are covered by particles having a crosslinked structure, particles are not 

20 swelled or not dissolved by solvents contained in a composition, whereby, there is also produced a merit that pigments 
are not separated and an excellent dispersibility and stability are shown. 

[0579] Specifically, the above-described acrylic polyol resin (Vl-A) (a self water-dispersible resin) and the pigments 
are kneaded by a publicly-known and common method, for example, using a variety of apparatuses such as a three- 
roll and a paint conditioner to prepare a mill base, subsequently, the above-described polyisocyanate compound (Vl-B) 
25 (a hydrophobic crosslinking agent) is mixed therewith and amines are added, followed by dispersing into an aqueous 
medium. 

[0580] After that, there is obtained a desired water dispersion in which pigments are involved in crosslinked particles 
by accelerating crosslinking. Roughly, there is obtained a desired water dispersion in which pigments are involved 
through the means and steps as described hereinabove. 
30 [0581] Such the methods are particularly effective in the case of producing particles by emulsifying through a phase 
inversion using the self water-dispersible resin. It is very difficult to prepare a such capsule of pigments by a publicly- 
known and common means, for example, a method such as an emulsion polymerization or a nonaqueous polymeri- 
zation (a nonaqueous-dispersion polymerization). 

[0582] Herein, particularly typical examples alone are enumerated as pigments to be employed, and there are enu- 
35 merated a variety of inorganic-based pigments such as titanium dioxide (for example, Typek CR-95 (a titanium oxide 
pigment manufactured by Ciba Geigy, A.G.)), an iron oxide, an iron oxide red, lead molybdenum, chromium oxide, and 
a chromate or carbon black; or a variety of organic-based pigments such as a phthalocyanine-based pigment such as 
Phthalocyanine Blue and Phthalocyanine Green, Carbazole Violet, Anthrapyrimidine Yellow, Flavaslone Yellow, Isoin- 
doline Yellow, Indaslone Blue or Quinaklidone Violet, Quinaklidone-based Red, an azo pigment, and an anthraquinone 
40 pigment, etc. 

[0583] Further, although the crosslinked particles as described hereinabove are a water-based one, the crosslinked 
particles employed in the present invention can be employed in a wider composition range compared to so-called 
nonaqueous crosslinked particles obtained by a method such as the nonaqueous polymerization (anonaqueous-dis- 
persion polymerization) and, moreover, a preparation process is also easy. 
45 [0584] The crosslinked particles in the present invention can be readily moved into a variety of polar organic solvents 
such as, for example, butanol and methylethylketone. In the case, it can be returned from carboxylic salts to carboxylic 
acids by a reverse neutralization and, whereby, it can be readily further moved. 

[0585] As described hereinabove, in the present invention, water-based crosslinked particles can also become em- 
ployed in a solvent system. However, although being a little, since it tends to become slightly poor in dispersion stability 
so compared to a water-based one, it may safely be said even that it rather matches with a water-based use in the method 
for the preparation of the crosslinked particles of the present invention and a coating obtained using the crosslinked 
particles. 

[0586] The coating in relation to the present invention essentially contains the above-described curable resin com- 
position, and the coating is obtained by dissolving or dispersing the resin into water and, there can be prepared a two- 
55 liquid coating composition or a single-liquid coating composition by optionally formulating a variety of additives which 
are conventionally employed in a coating field, for example, an ultraviolet ray absorbent, a photostabilizer, an antioxi- 
dant, a coloring pigment, an extender pigment, a metallic pigment, an aluminum powder, a pearly mica powder, an 
anti-dropping agent or an anti-sedimentation agent, a leveling agent, a dispersant, a defoaming agent, an antistatic 
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agent, a catalyst for curing, a flowability-adjusting agent, a cellulose acetate-butylate, and a thinner which are publicly- 
and commonly-known. Further, there can be employed other resins such as an epoxy resin and a polyester resin or a 
high molecular weight compound which has a good compatibility within a range in which an effect by the present 
invention is not decreased. 

5 [0587] Thus-obtained coating can be coated by publicly- and commonly-known methods such as spray coating, roller 
coating, and brush coating. It is to be noted that it goes without saying that the resin composition for a coating of the 
present invention can be employed as a clear coating in which pigments are not employed, or an enamel coating in 
which pigments are employed. 

[0588] In the coating in relation to the present invention, there can be actualized a more exceedingly excellent acid 

10 resistance which does not include any problems compared to a coating prepared from a conventional polyol and mela- 
mine resin even though being further simultaneously employed other polyols and crossiinking agents (for example, a 
melamine resin). In the coating in relation to the present invention, in the case of simultaneously employing other polyol 
resins and melamine resins, the content of the curable resin composition of the present invention is not less than 10% 
by weight, and preferably not less than 25% by weight, the melamine resins are not more than 30% by weight, and 

is preferably not less more than 20% by weight, in total solid resin components. 

[0589] In the case that the curable resin composition of the present invention is less than 10% by weight or, the 
melamine resins are more than 30% by weight, an acid resistance cannot be unpreferably elevated. 
[0590] In the curable resin composition of the present invention, above all, in order to elevate weatherability such as 
retention of a gloss during exposure and a high extentionable property, there is preferably employed a mixture com- 

20 posed of an ultraviolet ray absorbent/hindered amine-based photo-stabilizer=(40-60)/(60-40) (solid content ratio) within 
a range of 0-10 wt% based on solid components in the curable oligomer (a (co)polymer) (a) . In the case that addition 
amount is not less than 10 wt%, since a price of a coating becomes expensive and, crystallines are occasionally formed 
at a low temperature and water resistance occasionally lowers, and a resin solution occasionally discolors, it is not 
preferred so much. Even in an outside value of the above mixing ratio of the ultraviolet ray absorbent with respect to 

25 the hindered amine-based photo-stabilizer, although an effectiveness is observed, the effectiveness is excellently ob- 
served in a range of the above mixing ratio. 

[0591] As typical examples of the ultraviolet ray absorbent which is publicly-known, there can be preferably employed 
a benzotriazole-based ultraviolet ray absorbent such as Tinuvin 900, Tinuvin 383, and Tinuvin P (all of those are man- 
ufactured by Ciba Geigy), an anilide oxalate-based ultraviolet ray absorbent such as Sandbar 3206 (manufactured by 

30 Sand), etc. A fixed amount of the absorbents may be added in a terminating period of a copolymerization reaction of 
the acrylic polyol or in the preparation of a coating. On the other hand, in the case of T-17, T-37, and T-38 (all of those 
are a product by Adeka Argus Kagaku, Ltd.) which are a reactive ultraviolet ray absorbent containing an organic group 
having an ultraviolet ray absorbing ability such as an O-hydroxybenzophenone group and an ethylenic copolymerizable 
unsaturated bond such as methacrylic acid group in an identical molecule, a fixed amount thereof may be simultane- 

35 ously introduced at a copolymerization step of the acrylic polyol resin (Vl-A) components. 

[0592] As examples of the hindered amine-based photo-stabilizer, there can be preferably employed a piperidine- 
based one which is usually called HALS (HALS), and which typically includes 4-b enzoyloxy-2, 2,6, 6-tetra methyl pi pe- 
ridine, bis(2,2,6,6-tetramethyl-4-piperidine)sebacate, or Tinuvin 144, 292, and 765 (all of those are a product manu- 
factured by Ciba Geigy, A.G.), MARK LA-57, 62, 63, 67, and 68 (all of those are a product by Adeka Argus Kagaku, 

40 Ltd.), Sanol LS292 (manufactured by Sankyo), and Sandbar 3058 (manufactured by Sand). A fixed amount of the 
stabilizers may be added in a terminating period of a copolymerization reaction of the curable oligomer (a (co)polymer) 
(a) or in the preparation of a coating. In the case of a hindered amine-based compound containing an organic group 
having a photo-stabilizing ability and an ethylenic copolymerizable unsaturated bond such as (meth)acrylic acid group 
such as the MARK LA-82, 87, and T-41 (all of those are a product by Adeka Argus Kagaku, Ltd.), a fixed amount thereof 

45 may be simultaneously introduced at a synthesis step of the curable oligomer (a (co)polymer) (a) . 

[0593] Further, in order to increase an effectiveness thereof, optionally, there can be simultaneously employed an 
antioxidant such as "Sumilizer BHT (a product manufactured by Sumitomo Kagaku Kogyo, Ltd.), "Seenox BCS" (a 
product manufactured by Shiroishi Calcium, Ltd.), "lrganox 1010 or 1076" (a product manufactured by Ciba Geigy, A. 
G.), "Noclizer TNP" (a product manufactured by Ohuchi Shinko, Ltd.), and "Antioxidant KB" (a product manufactured 

so by West Germany/Bayer. A.G.), which are well known and commonly-used. 

[0594] As the catalysts for curing, there are enumerated a phosphate, an organic acid such as dodecylbenzene 
sulphonic acid or paratoluene sulphonic acid and an amine salt thereof, an organic tin compound such as dibutyltin 
dilaurate and dibutyltin dimaleate and a chelating compound thereof, etc. 

[0595] As the extender pigment, for example, there are enumerated kaoline, talc, silica, mica, barium sulphate, and 
55 calcium carbonate, etc. 

[0596] As the anti-dropping agent or an anti-sedimentation agent, for example, there can be preferably employed 
bentonite, a castor oil wax, an amide wax, amicrogel (for example, MG100S (manufactured by Dainippon Ink)), and 
aluminum acetate, etc. 
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[0597] As the levelling agent, for example, there can be preferably employed a silicone-based surface active agent 
such as KF69, Kp321 and Kp301 (manufactured by Shin-etsu Kagaku), a silicone-based surface active agent such as 
Modaflow (a surface-adjusting agent manufactured by Mitsubishi Monsant) and BYK301 and 358 (manufactured by 
Bickchemie Japan), and Diaaid AD9001 (manufactured by Mitsubishi Rayon), etc. 
5 [0598] As the dispersant, for example, there can be preferably employed Anti-Terra U or Anti-Terra P, and Disperbyk- 
101 (manufactured by Bickchemie Japan), etc. As the defoaming agent, for example, there can be preferably employed 
BYK-0 (manufactured by Bickchemie Japan), etc. 

[0599] As the thinner, there can be preferably employed conventionally publicly-known aromatic compounds, alco- 
hols, ketones, ester compounds, or a mixture thereof, etc. 
10 [0600] As the antistatic agent, for example, there can be preferably employed Esocard C25 (manufactured by Lion 
Armer), etc. 

[0601] In the case of preparing the coating composition of the present invention, there are mixed the above-described 
acrylic polyol resin (Vl-A), the polyisocyanate compound (Vl-B), and optionally, additives such as curing agents and 
pigments, and uniformly dispersed by a dispersing machine such as a sand grind mill, a ball mill, and Atlighter to 
15 prepare a curable type coating composition. 

[0602] A method for coating the curable coating composition (a coating composition) of the present invention is as 
follows. 

[0603] That is, an article to be coated is cleaned by a publicly-known dewaxing cleaning, for example, dewaxing by 
an organic solvent such as 1,1,1-trichloroethane, cleaning by an alkali, cleaning by an acid, wiping by a solvent, etc., 

20 further, optionally, in order to further elevate an adhesive power of a coating to the article to be coated, for example, 
the coating composition of the present invention is directly coated by an air-spraying coating method and an airless 
coating method after coating a primer such as Primac NO. 1500 (manufactured by Nihon Yushi), and optionally, it is 
set for 0.5-120 minutes, and preferably 1-20 minutes, and thermally cured (baked) at a low temperature of 90-1 40°C, 
and preferably 100-120°C. A clear coating may be even coated onto a base coat coating which is an under layer by a 

25 wet-on-wet method. In the present invention, since curing can be conducted at a low temperature of not more than 
140°C by the above-described construction, it does not give a damage even on a polyolefine-based resin molded 
article, and there can be formed a coating layer having excellent properties of a coating layer. 

[0604] In the case that a primer is coated, layer thickness after drying is generally 3-20uin, and preferably 5-15u.m. 
Further, layer thickness of the clear coat coating is generally 15-45u,m, and preferably 20-35u.m. As a method using 
30 the coating composition of the present invention, there are enumerated a 2-coat/1 -baking type coating method and 
3-coat/2-baking type coating method, etc. 

[0605] Herein, the 2-coat/1 -baking type method is one of coating methods by an over coating and, first of all, there 
is coated a base coat coating in which pigments and/or metal powder are formulated in a large amount, and then, there 
is coated a transparent clear coating or a top coating which is a color clear coating containing a small amount of 

35 pigments, and those coatings are simultaneously baked. In the case of the 2-coat/1 -baking type coating method, a 
usual coating composition is employed as a base coat and, the coating composition of the present invention can be 
employed as a top coat. In the case of the 3-coat/2-baking type coating method, there is coated and baked a coating 
in which there are formulated pigments, dyes, and/or metal powder and, there is further coated thereon and baked a 
base coat in which there are formulated pigments, dyes, and/or metal powder, and then, there is coated thereon and 

40 collectively baked a transparent clear coating or a top coat which is a color clear coating containing a small amount of 
pigments or dyes. 

VII. 

45 [0606] Hereinafter, the present invention VII is illustrated in detail. 
(A) Acrylic resin 

[0607] Acrylic polyol resin (Vll-A) (also called the component (Vll-A)) is an acrylic resin having hydroxyl group corn- 
so posed of the hydroxyalkyl(meth)acrylate composition (a) modified by a small amount of lactones illustrated in the 
present invention I. 

[0608] By polymerizing the hydroxyalkyl(meth)acrylate composition (a) modified by a small amount of lactones em- 
ployed in the present invention, a main chain is substantially composed of an acrylic copolymer chain, whereby, there 
are improved weatherability, solvent resistance, and water resistance in a cured article. 
55 [0609] In the acrylic polyol resin (Vll-A), a molecular weight and a hydroxyl value, etc. are not particularly limited, 
and a number molecular weight is preferably 1,000-50,000, and more preferably 2,000-30,000 from a viewpoint of 
physical properties in a coating layer such as strength and durability. Further, the hydroxyl value is 10-300 mg-KOH/ 
g, and more preferably 30-150 mg-KOH/g from a viewpoint of physical properties in a coating layer such as strength 
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and durability. Such the component (a) may be employed solely or in combination of two or more kinds. 
[0610] The acrylic polyol resin (Vll-A), in addition to the hydroxy a I kyl(meth)acry late composition (a) modified by a 
small amount of lactones, can be obtained, for example, by copolymerization of other vinyl monomers having hydroxyl 
group with monomers for introducing a functional group which is illustrated hereinafter, and a (meth)acrylic acid deriv- 
ative, etc. 

Other vinyl monomers having hydroxyl group 

[061 1] As specific examples of the other vinyl monomers having hydroxyl group contained as a copolymerizing com- 
ponent in the acrylic polyol resin (Vll-A), there are enumerated the monomers exemplified in the present invention I. 
[0612] For introducing acid anhydride groups into the acrylic polyol resin (Vll-A), for example, maleic anhydride and 
itaconic anhydride, etc. are copolymerized and, for introducing epoxy groups, for example, glycidyl(meth)acrylate, etc. 
are copolymerized, and for introducing carboxylic groups, for example, there are copolymerized unsaturated carboxylic 
acids such as (meth)acrylic acid, maleic acid, fumaric acid, and itaconic acid, etc. and, for introducing amino groups, 
for example, there are copolymerized vinyl-based monomers containing an amino group selected from the group con- 
sisting of primary amino group, secondary amino group, and tertiary amino group. 

[0613] As a typical example of the vinyl-based monomers containing an amino group, there are enumerated the 
vinyl-based monomers exemplified in the present invention I. 

[061 4] Derivatives of acrylic acid or methacrylic acid copolymerizable with the other vinyl monomers having hydroxyl 
group are not particularly limited and, as specific examples, there are enumerated methyl(meth)acrylate, ethyl(meth) 
acryiate, butyl(meth)a cry late, 2-ethylhexyl(meth)acrylate, stearyl(meth)acrylate, benzy!(meth)acrylate, cyclohexyl 
(meth)acrytate, trifiuoroethyl(meth)acrylate, pentafluoropropyl (meth)acrylate, perfluorocyclohexyl(meth)acrylate, 
(meth)acrylonitrile, (meth)acrylic amide, a-ethyl(meth)acrylic amide, N-butoxymethyl(meth)acrylic amide, N,N-dime- 
thyl acrylic amide, N-methyl acrylic amide, and N-methylol(meth)acrylic amide, a macromer manufactured by Toa Gosei 
Kagaku Kogyo which includes AS-6, AN-6, AA-6, AB-6, and AK-6, etc, vinyl compounds containing a phosphoric acid 
ester group which is a condensation product of hydroxyalkyl(meth)acrylates with phosphoric acid or a phosphate, and 
(meth)acrylates containing a urethane bond and a siloxane bond. 

[0615] The acrylic polyol resin (A) may even contain a portion of a urethane bond and a siloxane bond in a main 
chain within a range not exceeding 50% (% by weight, hereinafter, the same) and, further, may even contain a unit 
derived from monomers other than (meth)acrylic acid derivatives. The monomers are not particularly limited and, as 
a specific example thereof, in addition to the monomers for introducing the functional groups, there are enumerated 
an aromatic hydrocarbon-based vinyl compound such as styrene, ct-methylstyrene, chlorostyrene, styrenesulphonic 
acid, and vinyltoluene; unsaturated carboxylic acid salts (an alkali metal salt, an ammonium salt, and an amine salt, 
etc.) of maleic acid, fumaric acid, and itaconic acid, etc.; unsaturated carboxylic acid esters such as a diester or a half 
ester of the unsaturated carboxylic acid with a linear or branched alcohol having a carbon number of 1-20; a vinylester 
such as vinyl acetate, vinyl propionate, and diallyl phthalate, and an allyl compound; vinyl compounds having amide 
group such as itaconic diamide, croton amide, maleic diamide, fumaric diamide, and N-vinylpyrrolidone; other vinyl 
compounds such as methylvinyl ether, cyclohexylvinyl ether, vinyl chloride, vinylidene chloride, chloroprene, propylene, 
butadiene, isoprene, fluoroolefine, maleimide, and vinyl sulphonic acid, etc. 

[0616] As a polymerization method for the acrylic polyol resin (A), a usual polymerization method is employed and, 
a solution polymerization is particularly preferred from a viewpoint of easiness of synthesis, in which there is employed 
an azo-based radical initiator such as azobisisobutyronitrite. Molecular weight can be adjusted by using a chain transfer 
agent such as n-dodecyl mercaptan and t-dodecyl mercaptan or by controlling a reaction temperature. 

(B) Acrylic copolymer containing an alkoxysilyl group 

[0617] One of the acrylic copolymer (VII-B) (called also the component (Vll-B)) containing an alkoxysilyl group is an 
acrylic copolymer containing at least one, preferably, at least two alkoxysilyl groups having a group shown by general 
formula (VII-2) described below in one molecule, 



* 2 a *3 
I I 

< R °> 3- a -Si.CH- (VII -2) 

(in the formula, R 1 is an alkyl group having a carbon number of 1-10, R 2 and R 3 are a hydrogen atom or a monovalent 
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hydrocarbon group selected from an alkyl group, aryl group, and aralkyl group which have a carbon number of 1-10, 
a is the number of a substituent group, and it is an integer of 0, 1, or 2). 

[0618] Another one of the acrylic copolymer (Vll-B) containing an alkoxysilyl group to be employed in the present 
invention is an acrylic copolymer containing an alkoxysilyl group, which has at least one, preferably, at least two groups 

5 shown by the above-described general formula (VII-2) at terminals or side chains in one molecule, and which has at 
least one group selected from an acid anhydride group, an epoxy group, an amino group, and carboxylic group. 
[0619] In the general formula (VII-2), R 1 is more preferably an alkyl group of a carbon number of 1-4. In the case 
that the carbon number exceeds 10, or the R 1 is, for example, phenyl group or benzyl group other than the alkyl group, 
there lowers a reactivity in the alkoxysilyl group. As a specific example of the R 1 , there are enumerated methyl, ethyl, 

10 n-propyl, iso-propyl, n-butyl, and tso-butyl group, etc. As the alkyl group having a carbon number of 1-10 which is one 
kind of the R 2 , there are enumerated the same groups as in the R 1 and, as the aryl group, for example, there are 
enumerated phenyl group, tolyl group, xylyl group, etc., as the aralkyl group, for example, there is enumerated benzyl 
group, etc. 

[0620] Since in the copolymer (Vll-B), a main chain substantially consists of an acrylic copolymer chain, weathera- 
15 bility, solvent resistance, and water resistance are improved in a cured article. 

[0621] Further, since the alkoxysilyl group connects to carbon, water resistance, alkali resistance, and acid resist- 
ance, etc. are more improved. 

[0622] The alkoxysilyl group reacts with hydroxyl group derived from the hydroxyalkyl(meth)acrylate monomer (a) 
modified by a small amount of lactones, and it contributes to crosslinking, and the alkoxysilyl group itself also reacts 
20 with each other, and it is a component for contributing to crosslinking. In the case that the number of the alkoxysilyl 
group in one molecule is less than 1 piece in the copolymer (Vll-B), there lowers solvent resistance in physical properties 
of a coating layer. 

[0623] The group selected from an acid anhydride group, an epoxy group, an amino group, and carboxylic group in 
the copolymer (Vll-B) reacts with the group selected from an acid anhydride group, an epoxy group, an amino group, 
25 and carboxylic group in the acrylic polyol resin (Vll-A) in a combination of the acid anhydride group/epoxy group, amino 
group/epoxy group, or carboxylic group/epoxy group, and it elevates solvent resistance and water resistance in a cured 
coating layer from the composition of the present invention. 

[0624] The number of the group selected from an acid anhydride group, an epoxy group, an amino group, and car- 
boxylic group is not less than 1 piece per 1 molecule of the copolymer (Vll-B) and, preferably 2-30 pieces from a 
30 viewpoint of solvent resistance and water resistance in the cured coating layer. 

[0625] From a viewpoint of physical properties (strength, durability) of a coating layer, a number average molecular 
weight in the copolymer (Vll-B) is 1,000-30,000, and more preferably 3,000-25,000. 

[0626] The copolymer (Vll-B) can be obtained, for example, by copolymerization of a monomer (Vll-b) containing 
the alkoxysilyl group with at least one of (meth)acrylic acid, and a derivative therefrom, or by copolymerization of a 
35 monomer (Vll-b) containing the alkoxysilyl group with a monomer for introducing a functional group which is described 
later, (meth) acrylic acid, and a derivative therefrom. 

[0627] The monomer containing the alkoxysilyl group is not particularly limited except that it has a polymerizable 
unsaturated double bond and the alkoxysilyl group represented by the above-described general formula (VII-2) and, 
as a specific example thereof, for example, there are enumerated the following compounds. 

40 

CH 3 
I " 

CH 2 -CHSi (OCH 3 ) 2 , CH 2 -CHSi{OCH 3 ) 3, 

45 «■ 

CH 3 

I 

CH 2 -CHCOO (OCH3 ) 2 Si (OCH3 ) 2 # 
50 CH 2 -CHCOO (OCH3 ) 2 Si (OCH3 ) 3 , 

CH3 
I 

CH 2 » C ( CH 3 ) COO ( CH 2 ) 3 S i { OCH3 ) 2 . 
55 CH 2 -C <CH 3 ) COO (CH 2 ) 3 Si (OCH3 ) 3 , 
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CH 2 -C (CH 3 ) COO <CH 2 ) 3 Si (OC 2 H 5 ) 3 , 

CH3 
I 

CH 2 -C (CH3) COO (CH 2 ) 3 Si (OC 2 H 5 ) 2 , 
O O 
II II 

CH 2 =CH - CH 2 OC^^- CO { CH 2 ) 3 Si {OCH3 ) 3 , 



O O f H 3 

H II I 

CH 2 °CH-CH 2 OG - 7 ==^-CO(CH 2 ) 3 Si(OCH 3 ) 2 , 

<Q> 



or, 



O H 



CH 2 * C ( CH3 ) COO { CH 2 ) 2 - O - [C { CH 2 > s O] 4 - C - N - ( CH 2 ) 3 S i { OCH3 ) 3 

OCH 3 CH3 OCH 3 

II I 
CH 2 = C(CH 3 )C0O(CH 2 ) 2 -O-Si-O(Si-O) n -Si-0CH 3 

III 
OCH3 CH 3 OCH3 



(n is 2-6) 

[0628] There are enumerated (meth)acrylates having the alkoxysilyl group through urethane bond or a siloxane bond 
at terminal. These may be even solely or in combination of two or more kinds. 

[0629] Proportion of the monomer containing the alkoxysilyl group is preferably 5-90% by weight, and more preferably 
1 1 -70% by weight in the copolymer (Vll-B) from a viewpoint of curability of a composition and durability of a coating layer. 
[0630] For introducing the acid anhydride group into the copolymer (Vll-B), for example, there may be copolymerized 
the monomers exemplified for introducing the acid anhydride group, epoxy group, carboxylic group, and amino group 
into the acrylic polyol resin (Vll-A). 

[0631] The (meth)acrylic acid or derivatives thereof to be employed for introducing carboxylic group are not partic- 
ularly limited and, as specific examples, there are enumerated methyl(meth)acrylate, ethyl(meth)acrylate, butyl(meth) 
acrylate, 2-ethylhexyl(meth)acrylate, stearyl(meth)acrylate, benzyl(meth)acrylate, cyclohexyl (meth)acrylate, trifluor- 
oethyl(meth)acrylate, pentafiuoropropyl (meth)acrylate, perfluorocyclohexyl(meth) acrylate, (meth)acrylonitrile, (meth) 
acrylic amide, a-ethyl(meth)acrylic amide, N-butoxymethyl(meth)acrylic amide, N.N-dimethyl acrylic amide, N-methyl 
acrylic amide, 2-hydroxyethyl(meth)acrylate, 2-hydroxypropyl(meth)acrylate, N-methylol(meth)acrylic amide, Alonix M- 
5700 manufactured by Toa Gosei Kagaku Kogyo, a macromer manufactured by Toa Gosei Kagaku Kogyo which in- 
cludes AS-6, AN-6, AA-6, AB-6, and AK-5, etc, Placcel FA-1, Placcel FA-A, Placcel FM-1, and Placcel FM-4, etc. 
manufactured by Daicel Chemical Industries, Ltd., vinyl compounds containing a phosphoric acid ester group which 
is a condensed product of hydroxyalkyl (meth)acrylates with phosphoric acid or a phosphate, and (meth)acrylates 
containing a urethane bond and a siloxane bond, etc. 

[0632] Further, the copolymer (B) may even contain units of a urethane bond and a siloxane bond in a main chain 
within a range not exceeding 50% and, further, may even contain units of monomers other than (meth)acrylic acid 
derivatives. 

[0633] The monomers are not particularly limited and, as a specific example thereof, in addition to the above-de- 
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scribed monomers for introducing functional groups, there are enumerated an aromatic hydrocarbon-based vinyl com- 
pound such as styrene, a-methylstyrene, chlorostyrene, styrenesulphonic acid, 4-hydroxystyrene, and vinyltoluene; 
unsaturated carboxylic acid salts (an alkali metal salt, an ammonium salt, and an amine salt, etc.) such as maleic acid, 
fumaric acid, and itaconic acid, unsaturated carboxylic acid esters such as a diester or a half ester of the unsaturated 
carboxylic acid with a linear or branched alcohol having a carbon number of 1-20; a vinylester such as vinyl acetate, 
vinyl propionate, and diallyl phthalate, and an allyl compound; vinyl compounds having amide group such as itaconic 
diamide, croton amide, maleic diamide, fumaric diamide, and N-vinylpyrrolidone; other vinyl compounds such as 2-hy- 
droxyethylvinyl ether, methylvinyl ether, cyclohexylvinyl ether, vinyl chloride, vinylidene chloride, chloroprene, propyl- 
ene, butadiene, isoprene, a fluoroolefine, maleimide, and vinyl sulphonic acid, etc. 

[0634] The copolymer (Vll-B) can be obtained, for example, by a method shown in JP-A-54036395 Official Gazette, 
etc., and a solution polymerization method is most preferred from a viewpoint of easiness of synthesis, in which there 
is employed an azo-based radical initiator such as azobisisobutyronitrile. 

[0635] In the solution polymerization method, a molecular weight can be adjusted by using a chain transfer agent 
such as n-dodecyl mercaptan, t-dodecyl mercaptan, n-butyl mercaptan, Y-mercaptopropyl trimethoxysilane, y-mercap- 
topropyl triethoxysilane, y-mercaptopropyl methyldimethoxysilane, y-mercaptopropyl methyldiethoxysilane, (CH 3 0) 3 - 
Si-S-S-Si-(OCH 3 ) 3 , and (CH 3 0) 3 -Si-S 8 -Si-(OCH 3 ) 3 . Particularly, the alkoxysilyl group can be introduced in terminals 
of a polymer by using the chain transfer agent having the alkoxysilyl group in the molecule, for example, Y-mercapto- 
propyl trimethoxysilane. 

[0636] As solvents to be employed in the solution polymerization, there may be employed the solvents to be employed 
in the preparation of the acrylic polyol resin in the present invention I. 

[0637] As use proportion of the component (Vll-A) with respect to the component (Vll-B), the component (VII-A)/the 
component (Vll-B) is preferably (2-50)/(30-80) by weight ratio. In the case that the component (VII-A)/the component 
(Vll-B) exceeds the above range, physical properties such as water resistance lowers in a coating layer and, in the 
case of less than the above range, there does not become sufficiently obtained an effect for improving an outer ap- 
pearance and hardness of a coating layer by adding the component (Vll-A). 

[0638] In the component (Vll-A) and the component (Vll-B), reactive functional groups are separately contained in 
combination of the acid anhydride group/epoxy group; the amino group/epoxy group; and carboxylic group/epoxy 
group, and the combination may contain one, or two or more combination. 

(C) Catalyst for curing (Vll-C) 

[0639] As the catalyst for curing (Vll-C) to be employed in the present invention, for example, there are enumerated 
an organic tin compound such as dibutyltin dilaurate, dibutyltin dilmaleate, dioctyltin dilaurate, dioctyltin dimaleate, and 
tin octylate; phosphoric acid or a phosphate such as monomethyl phosphate, monoethyl phosphate, monobutyl phos- 
phate, monooctyl phosphate, monodecyl phosphate, dimethyl phosphate, diethyl phosphate, dibutyl phosphate, dioctyl 
phosphate, didecyl phosphate; propyleneoxide, butyleneoxide, cyclohexeneoxide, glycidylmeth aery late, glycidol, 
acrylic glycidylether, y-glycidoxy propyl trimethoxysilane, y-glycidoxypropyl triethoxysilane, -^glycidoxy propyl methyld- 
imethoxysilane, a compound shown by a formula described below, 



Kardula E manufactured by Yuka Shell Epoxy, Ltd., an adduct of an epoxy compound with a phosphoric acid and/or 
an acidic monophosphate such as Epikote 828 and Epikote 1001 manufactured by Yuka Shell Epoxy, Ltd.; organic 
titanate compounds; organic aluminum compounds; acidic compounds such as maleic acid and paratoluene sulphonic 
acid; amines such as hexyl amine, di-2-ethyl hexyl amine, N,N-dimethyldodecyl amine, and dodecyl amine; a mixture 
or reaction product of the amines with the acidic phosphates; and alkali compounds such as sodium hydroxide and 
potassium hydroxide, etc. 

[0640] Of the catalysts for curing (Vll-C), there are preferred the organic tin compound, acidic phosphates, mixture 
or reaction product of the amines with the acidic phosphates, saturated or unsaturated polyvalent carboxylic acid or 
anhydride thereof, reactive silicone compound, organic titanate compounds, organic aluminum compounds, or a mix- 
ture thereof because of a high activity. Such the catalysts for curing (Vll-C) may be employed solely or even in com- 
bination of two or more kinds. 

[0641] Use amount of the catalysts for curing (Vll-C) is not particularly limited, and it is usually 0.1-20 parts, and 
preferably 1-10 parts based on 100 parts of solid content of the component (Vll-A) and the component (Vll-B). In the 
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case that the use amount of the components (Vll-C) is less than 0.1 parts, curability tends to lower and, in the case of 
exceeding 20 parts, physical properties (an outer appearance) in a coating layer tend to lower. 

(D) Other additives (VN-D) 

[0642] In the composition of the present invention, a dehydrating agent may be optionally added and, there can be 
ensured a stability, a stability not including any problems even though being repeatedly employed over a long time of 
period by using the dehydrating agent. 

[0643] As the dehydrating agent, for example, there are enumerated hydrolyzable ester compounds such as ortho 
methylformate, ortho ethylformate, ortho methylacetate, ortho ethylacetate, methyltrimethoxy si lane, Y-methacryloxy- 
propyl trimethoxy silane, vinyltrimethoxy silane, methyl silicate, and ethyl silicate. 

[0644] The above hydrolyzable ester compounds may be added before polymerization, after polymerization, and 
during polymerization of the copolymer (VII-B) containing the alkoxysilyl group. 

[0645] Use amount of the dehydrating agent is not particularly limited and, it is usually not more than 100 parts by 
weight, and preferably not more than 50 parts by weight based on 100 parts by weight of solid components in the 
component (Vll-A) and the component (VII-B). 

[0646] Further, by simultaneously employing an accelerating agent for the dehydrating agent, an effect by the dehy- 
drating agent can be elevated. 

[0647] As the accelerating agent for the dehydrating agent, for example, there are enumerated an inorganic acid 
such as hydrochloric acid, sulphuric acid, phosphoric acid, and sulphuric acid; an organic acid such as formic acid, 
acetic acid, oxalic acid, benzoic acid, phthalic acid, paratoluene sulphonic acid, acrylic acid, and methacrylic acid; a 
metal salt od carboxylic acid such as an alkyl titanate and lead octylate; a carboxylic acid type organic tin compound 
such as tin octylate, dibutyltin dilaurate and dioctyltin dimaleate; a sulphide compound such as monobutyltin sulphide 
and dioctyyltin mercaptide, and a mercaptide type organic compound; an organic tin oxide such as dioctyltin oxide; an 
organic tin compound by a reaction of the organic tin oxide with an ester compound such as ethylsilicate, ethylsilicate 
40, dimethylmaleate and dioctyl phthalate; an amine such as tetraethylene pentamine, triethylene diamine, and N-p- 
aminoethyl-y-aminopropyl trimethoxy silane; an alkali catalyst such as potassium hydroxide and sodium hydroxide, 
etc., and the organic acid, inorganic acid and the organic tin compound are preferred. 

[0648] The accelerator for the dehydrating agent is employed in 0.0001-20 parts by weight, and preferably 0.001-10 
parts by weight based on 100 parts by weight of the dehydrating agent. In the case of employing a compound which 
is also the above-described component (Vll-C) as the accelerator for the dehydrating agent, it is employed in use 
amount of the component (Vll-C). 

[0649] In the composition of the present invention, a solvent may be added and, nonreactive solvents are preferably 
employed. 

[0650] As specific examples of such the solvents, for example, there are enumerated an aliphatic hydrocarbon solvent 
which is employed for a usual coating and a coating agent, aromatic hydrocarbons, chlorinated hydrocarbons, alcohols, 
ketones, esters, ethers, alcohol esters, ketone alcohols, ether alcohols, ketone ethers, ketone esters, and ester ethers, 
etc. Of those, in the case that there is employed a solvent including an alkyl alcohol, a stability is preferably improved 
in the composition of the present invention. 

[0651] As the alkyl alcohol, there is preferred an alcohol having a carbon number of 1-10 in the alkyl group and, for 
example, there are employed methyl alcohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, isobutyl 
alcohol, sec-butyl alcohol, tert-butyl alcohol, n-amino alcohol, isoamyl alcohol, hexyl alcohol, octyl alcohol, and cello- 
solves, etc. 

[0652] Use amount of the alcohols is not particularly limited, and it is not more than 1 00 parts by weight, and preferably 
not more than 50 parts by weight based on 100 parts by weight of solid components of the components (Vll-A) and 
(VII-B). 

[0653] By employing an alcohol, particularly, an alkyl alcohol together with the dehydrating agent, there is observed 
a remarkable effect in a storage stability in the case that there are stored by mixing the components (Vll-A), (VII-B), 
and (VII-C) in the composition of the present invention. 

[0654] Use amount of the solvents depends upon a molecular weight or composition of the components (Vll-A) and 
(VII-B), and it is adjusted by fitting to a solid component concentration or viscosity to be practically required. 
[0655] In order to improve characteristics such as adhesion, hardness, and solvent resistance, there may be even 
added a hydrolyzable silane compound, a condensate thereof, a reaction product thereof, or a mixture thereof in the 
composition of the present invention. 

[0656] As specific examples of the hydrolyzable silane compound, for example, there are enumerated methylsilicate, 
methyltrimethoxy silane, ethyltrimethoxy silane, butyltrimethoxy silane, octyltrimethoxy silane, dodecyltrimethoxy si- 
lane, phenyltrimethoxy silane, vinyltrimethoxy silane, y-methacryloxypropyl trimethoxy silane, y-acryloxypropyl trimeth- 
oxy silane, y-glycidoxypropyl trimethoxy silane, ymercaptopropyl trimethoxy silane, Y-aminopropyl trimethoxy silane, 
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N-p-aminoethyl-y-propyl trimethoxy silane, dimethyldimethoxy silane, diethyldimethoxy silane, dibutyldimethoxy silane, 
diphenyldimethoxy silane, vinylmethyldimethoxy silane, -y-methacryloxyproyl methyl dimethoxy silane, trimethylmeth- 
oxy silane, triethylmethoxy silane, triphenylmethoxy silane, ethyl silicate, methyltriethoxy silane, ethyltriethoxy silane, 
butyltriethoxy silane, octyltriethoxy silane, dodecyltriethoxy silane, phenyltriethoxy silane, vinyltriethoxy silane, y-meth- 

5 acryloxyproyl triethoxy silane, 7-acryloxyproyl triethoxy silane, y-glycidoxyproyl triethoxy silane, y-mercaptopropyl tri- 
ethoxy silane, y-aminopropyl triethoxy silane, N-p-aminoethyl-y-propyl triethoxy silane, dimethyl diethoxy silane, diethyl 
diethoxy silane, dibutyl diethoxy silane, diphenyl diethoxy silane, vinylmethyldiethoxy silane, Y-methacryloxyproy I meth- 
yldiethoxysilane, trimethylethoxy silane, triethylethoxy silane, and triphenylmethoxy silane, etc. 
[0657] Further, a condensate such as a partially-hydrotyzed condensate of the silane compounds can be readily 

10 obtained by the silane compounds solely or in combination and adding necessary amount of water and, optionally 
adding a small amount of catalysts for condensation such as hydrochloric acid and sulphuric acid, while maintaining 
at from an ordinary temperature to 100°C, followed by proceeding while removing an alcohol produced. For example, 
as a compound containing methoxysilyl group which is a partial ly-hydrolyzed condensate of methyl silicate, there are 
enumerated Methyl Silicate 47, Methyl Silicate 51, Methyl Silicate 55, Methyl Silicate 58, and Methyl Silicate 60 man- 

15 ufactured by Nihon Kolcoat Kagaku, Ltd., etc. 

[0658] As the compound containing methoxysilyl group which is a partially-hydrolyzed condensate of methyl trimeth- 
oxy silane and dimethyl dimethoxy silane, there are enumerated AFP-1, AFP-2, AFP-6, KP213, KR217, and KR9218 
manufactured by Shin-etsu Kagaku Kogyo, Ltd.: TSR165 and TR3357 manufactured by Toshiba Silicone, Ltd.: Y-1587, 
FZ3701, and FZ3704 manufactured by Nihon Unicar, Ltd., etc. 

20 [0659] Further, as the compound containing ethoxysilyl group which is a partially-hydrolyzed condensate of ethyl 
silicate, there are enumerated Ethyl Silicate 40, HAS-1, HAS-6, and HAS-10 manufactured by Nihon Kolcoat, Ltd., etc. 
[0660] As the reaction product of the hydrolyzable silane compound, for example, there are enumerated a reaction 
product of a silane coupling agent containing amino group with a compound containing an epoxy group, a reaction 
product of a silane coupling agent containing amino group with a silane coupling agent containing an epoxy group such 

25 as ethyleneoxide, butyleneoxide, epichlorohydrin, an epoxidized soybean oil, Epikote 828 and Epikote 1001 manufac- 
tured by Yuka Shell Epoxy, Ltd.; a reaction product of a silane coupling agent containing an epoxy group with aliphatic 
amines such as ethyl amine, diethyl amine, triethyl amine, ethylene diamine, hexane diamine, diethylene triamine, 
triethylene tetramine, and tetraethylene pentamine, aromatic amines such as aniline and diphenyl amine, cycloaliphatic 
amines such as cyclopentyl amine and cyclohexyl amine, amines such as ethanolamine, etc. 

30 [0661] There is not particularly limited use amount of the hydrolyzable silane compound, the condensate thereof, 
the reaction product thereof, and a mixture thereof, and it is generally not more than 100 parts by weight, and preferably 
not more than 50 parts by weight based on 100 parts by weight of solid components of the components (Vll-A) and 
(Vll-B). 

[0662] In the composition of the present invention, a polyorganosiloxane may be added in order to give a water 
35 repellent property to a cured coating layer. The polyorganosiloxane, if it has a reactive functional group and is compatible 
with the hydroxy! group-contained polymer (Vll-A) and the component (Vll-B), can be freely selected and is not par- 
ticularly limited. 

[0663] Structure of the polyorganosiloxane may be in any of linear, branched, net-like, and cyclic in a structure and, 
as an organo group, there are enumerated hydrogen atom, an alkyl group, an alkenyl group, and an aryl group, methyl 

40 group, ethyl group, propyl group, butyl group, hexyl group, allyl group, and phenyl group, etc. Of the organo groups, 
methyl group and phenyl group are practically advantageous because of being industrially prepared and low in price. 
[0664] As the reactive functional groups, there are preferred a silanol group, an alkoxysilyl group, an alcoholic hy- 
droxyl group, glycidyl group, amino group, mercapto group, carboxylic group, amide group, vinyl group, and (meth) 
acryloxy group and. Of those, the silanol group, the alkoxysilyl group, and alcoholic hydroxyl group are preferred. 

45 [0665] In the polyorganosiloxane, the number of the reactive functional groups is preferably not less than 1 piece in 
one molecule. In the polyorganosiloxane, although a molecular weight can be freely selected if it is a range having 
compatibility, since compatibility lowers in a higher molecular weight, silicone atom is preferred in 2-300 pieces, and 
it is more preferred in 2-100 pieces, and it is particularly preferred in 3-50 pieces. 

[0666] As a specific example of such the polyorganosiloxane, for example, there are enumerated a silicone rubber, 
50 a silicone varnish, a reactive polydimethylsiloxane employed as an intermediate for modifying an organic polymer and 
a reactive silicone oil, and a reactive polydiphenyl siloxane, a reactive polymethylphenyl siloxane, which is a copoly- 
merized type of dimethyl with diphenyl, 
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(in the formula, R is a group selected from the group consisting of a phenyl group, an alkyl group having a carbon 
number of 1-4, and hydroxyl group), 




(in the formula, R is a group selected from the group consisting of a phenyl group, an alkyl group having a carbon 
number of 1-4, and hydroxy! group, and I, m, and n are 1-5, respectively), 
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(n is 2-20) (m and n are 1-10, respectively) 
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[0667] Use amount of the polyorganosiloxane is generally not less than 100 parts, and preferably not less than 50 
parts based on 100 parts of solid components in the components (Vll-A) and (Vll-B). 

[0668] In the composition of the present invention, there may be even added additives such as a diluent, pigments 
(including an extender pigment), an ultraviolet ray absorbent, an anti-sedimentation agent, a leveling agent; celluloses 
such as a nitrocellulose, and a cellulose acetate butylate; and a resin such as an epoxy resin, a melamine resin, a 
vinylchloride resin, a chlorinated polyolefin, a chlorinated rubber, a polyvinyl butylal, an alkyd resin, an oil-free alkyd 
resin, an acrylic-modified alkyd resin, an acrylic resin, a fluorine resin having hydroxyl group, a polyester polyol, a 
polyether polyol, and a polyurethane polyol, etc. 

[0669] Hereinafter, there is illustrated a method for the preparation of the composition in relation to the present 
invention. 

[0670] The composition of the present invention is composed of the above-described components is not particularly 
limited, for example, it is prepared by cold-blending of the components (Vll-A) and (Vll-B), or mixing the components 
(Vll-A) and (Vll-B) and after that, heating (hot-blending) to obtain a partially reacted product, and mixing the product 
with the component (Vll-C). 
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[0671] The composition of the present invention can be cured by heating at not less than 30°C, and preferably 
55-35°C after coating on a body to be coated by usual methods using, for example, dipping, spraying, brushing, and 
a roll coating or a flow coater. 

[0672] The thermosetting composition of the present invention is useful as a coating, an adhesive, a sealant, and a 
modifier for plastics, and in the case of employing as the coating, it can provide a coating layer which is excellent in 
weatherability, adhesion, and hardness and, moreover, which is excellent in durability. 
[0673] Hereinafter, a coated body of the present invention will be illustrated. 

[0674] In the coated body of the present invention, there is coated a coating containing metallic powder and/or color- 
ing pigments (a coating containing the metallic powder is called a metallic base coating, and a coating containing the 
coloring pigments is called a solid color coating), and since a top clear coating (a thermosetting coating) primarily 
containing the above-described the thermosetting composition is coated on a coated surface, it is a coated body which 
is excellent in weatherability, acid resistance, and staining resistance, etc. 

[0675] The coating containing metallic powder and/or coloring pigments is not particularly limited and, for example, 
there are enumerated compounds primarily containing an amino alkyd resin, an oil-free alkyd resin, a thermosetting 
acrylic resin, a thermosetting urethane resin, anitrocellulose lacquer, amodifiedacrylic lacquer, a straightacryiic lacquer, 
a ordinary temperature-curable urethane resin, an acrylic enamel resin, an oxidation-curable modified alkyd resin (CAB, 
etc.), an ordinary temperature- or thermally-curable type fluorine resin, a resin containing a hydrolyzable silyl group, 
and a mixture of a resin containing a hydrolyzable silyl group with a vinyl-based copolymer having hydroxylic group, etc. 
[0676] Further, as a type of the coating, there may be even any one of a solution type coating containing an organic 
solvent as a medium, a nonaqueous dispersion coating, a multi-liquid type coating, a powder coating, a slurry coating, 
and a water-based coating, etc. 

[0677] The above-described metallic powder and coloring pigments may be even publicly-known, and there may be 
even any one of metallic powder and coloring pigments. 

[0678] As the metallic powder, for example, there are enumerated aluminum powder, copper powder, and mica pow- 
der, etc., and, as the coloring pigments, for example, there are enumerated organic-based pigments such as Phthalo- 
cyanine Blue, Toluidine Red, and Benzidine Yellow, and inorganic-based pigments such as titanium oxide, carbon 
black, and iron oxide red, etc. The metallic powder and coloring pigments may be employed solely or in combination 
of two or more kinds. 

[0679] In the coating containing the metallic powder and/or coloring pigments, weatherability can be more improved 
by employing an ultraviolet ray absorbent and a photostabilizer. 

[0680] As the ultraviolet ray absorbent, conventionally-known ones can be widely employed, for example, there is 
preferred an ultraviolet ray absorbent such as a benzophenone-based one, a triazole-based one, a phenyisalicylate- 
based one, a diphenylacrylate-based one, and an acetophenone-based one. 

[0681] As the photostabilizer, conventionally-known ones can be widely employed, for example, there are enumer- 
ated bis(2,2,6,6-tetramethyl-4-piperidyl)sebacate, bis(1 ,2,2,6,6-pentamethyl-4-piperidyl)sebacate, 2-(3,5-di-tert-butyl- 
4-hydroxybenzyl)2-n-butyl maloate bis(1 ,2,2,6,6-pentamethyl-4-piperidyl), tetrakis(2,2,6,6-tetramethyl-4-piperidyl)- 
1,2,3,4-butane tetracarboxylate, and tetrakis(1,2,2,6,6-pentamethyl-4-piperidyl)-1,2,3,4-butane tetracarboxylate, etc. 
These may be employed solely or even in combination of two or more kinds. 

[0682] In the coating containing the metallic powder and/or coloring pigments, there maybe even added the above- 
described silane compounds, condensates thereof, reaction product thereof, and a mixture thereof in order to elevate 
adhesion to a coating layer and a top clear coating layer 

[0683] Addition amount thereof is usually not more than 50 parts, and preferably not more than 20 parts in 100 parts 
of the coating containing the metallic powder and/or coloring pigments. 

[0684] By formulating the above-described ultraviolet ray absorbent or photostabilizer with the top clear coating, 
weatherability is remarkably improved. Further, weatherability can be more improved by employing the ultraviolet ray 
absorbent together with the photostabilizer. 

[0685] The formulating amount of the ultraviolet ray absorbent is usually 0.1-1 0 parts, and preferably 1-5 parts based 
on 100 parts of solid components in the top clear coating. Further, the formulating amount of the photostabilizer is 
usually 0.1-10 parts, and preferably 1-5 parts based on 100 parts of solid components in the top clear coating. 
[0686] A method for the preparation of the body to be coated of the present invention is not particularly limited and, 
for example, it can be prepared by a method (two coat-one bake style) in which after coating the coating containing 
the metallic powder and/or coloring pigments and setting for several minutes, the top clear coating is coated by a wet- 
on-wet style, followed by thermally curing, and a method (two coat-two bake style) in which after coating the coating 
containing the metallic powder and/or coloring pigments and thermally curing, the top clear coating is coated and 
thermally cured. 

[0687] Thickness of a coating layer is not also particularly limited and, thickness of a coating layer containing the 
metallic powder (or) coloring pigments is preferably 10-30ujti from a viewpoint of concealing, and thickness of the top 
clear coat is preferably 20-5um from a viewpoint of durability. 
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[0688] Thus-prepared coating layer shows an excellent property In a specific characteristic such as outer appearance 
and weatherability. 

[0689] As an object for forming the coating layer, for example, there are enumerated buildings, cars, industrial ma- 
chines, steel-made furniture, home electric appliances, and plastics products, etc., and the coating is employed for 
finishing as an over coating. 

[0690] Hereinafter, the present invention No. VIII is illustrated. 

[0691] The hydroxyaIkyl(meth)acrylate composition (a) modified by a small amount of lactone in which a proportion 
of monomers having two or more continuous chains (n^2) of lactone represented by the above-described general 
formula (I) to be employed in the present invention is less than 50% is as illustrated in the present invention No. I. 
[0692] By allowing to react the hydroxyalkyl(meth)acrylate composition (a) modified by a small amount of lactone 
represented by the above-described general formula (I) with the carboxylic acid represented by the above-described 
general formula (VIII-2) or the anhydride thereof (VII l-b), there is obtained the hydroxyalkyl(meth)acryiate composition 
(a') having carboxylic group modified by a small amount of lactone represented by the above-described qeneral formula 
(VIII-3). 

[0693] As the carboxylic acid represented by the general formula (VIII-2) orthe anhydride thereof (Vlll-b), for example, 
there can be enumerated malonic acid, succinic acid, glutaric acid, adipic acid, sberic acid, azelaic acid, sebasic acid! 
brasilic acid, maleic acid, fumaric acid, itaconic acid, phthalic acid, isophthalic acid, terephthalic acid, trimerritic acid, 
tartaric acid, malic acid, mannose acid, 1 ,4-cyclohexane dicarboxylic acid, 1 ,2-cyclohexane dicarboxylic acid! 
1,4,5,6,7,7-hexachloro-5-norbornene-2,3-dicarboxylic acid, hexahydrophthalic acid, galactose acid, 4, 5-cyclohexene 
dicarboxylic acid, 3,6-methylene-4-cyclohexene-1,2-dicarboxylic acid, citric acid, pyromellitic acid, dimer of phthalic 
anhydride, diphenylether tetracarboxylic acid, diphenylsulphone tetracarboxylic acid, benzophenone tetracarboxylic 
acid, butane-1 ,2,3,4-tetracarboxylic acid, anhydrides thereof, and a mixture thereof. Of those, maleic anhydride, phthal- 
ic anhydride, trimerritic anhydride, and pyromerritic anhydride are preferred as a raw material for the present invention 
because of readily obtaining. 

[0694] The carboxylic acid may be unsubstituted or can be also substituted by optional groups by which a reaction 
is not significantly disturbed. Examples of appropriate substituent groups include a halogen, nitro, alkoxy, alkyl, and 
carbonyl group, etc. Further, a desired product can be prepared by allowing to react an acid chloride which is the 
component (Vlll-b) with a lactone(meth)acrylate. 

[0695] Otherwise, residual carboxylic group (R* in the general formula (VIII-2)) of the acid anhydride may contain 
an inert functional group such as ether, ester, halogen, and ketone, and, for example, there can be employed an 
ethyleneglycol ester of trimell itic anhydride (Ricacid TMEG™ (manufactured by Shinnihon Rika)) represented by gen- 
eral formula (4) described below, etc. 



[0696] By employing an anhydride of a polyvalent carboxylic having at least two carboxylic groups in the molecule, 
since one carboxylic group of the polyvalent carboxylic acid qualitatively reacts with hydroxyl group at terminal of the 
hydroxyalkyl (meth)acrylate composition (a) modified by a small amount of lactone, one carboxylic group of the poly- 
valent carboxylic acid can be controlled so as to add to hydroxyl group at a terminal group. 

[0697] As a result, there can become obtained the (meth)acrylate compound (a', VIII-3) containing at least one car- 
boxylic group in the molecule in a high selectivity. 

[0698] A reaction of the above-described component (a) with the component (Vlll-b) slowly proceeds at a low tem- 
perature and, a polymerization of (meth)acryloyl group is caused at a high temperature. Accordingly, a preferred tem- 
perature ranges in 40-1 60°C. 

[0699] In order to prevent the polymerization of (meth)acryloyl group, the reaction is preferably conducted under the 
presence of oxygen and, further, it is preferably conducted under the presence of, for example, a polymerization inhibitor 
such as hydroquinone monomethylether. The polymerization inhibitor such as quinones is employed in an amount of 
not more than 5,000 ppm, and preferably not more than 700 ppm in a reaction mass. 

[0700] Although the reaction proceeds under the absence of a catalyst, the catalyst may be even optionally employed. 
As the catalyst, there are enumerated a basic compound such as triethylamine, pyridine, N-methylimidazole, diazabi- 
cycloundecene, and diazabicyclooctane; an ammonium salt such as trimethylbenzyl ammonium chloride and tetrabutyl 
ammonium bromide; and a publicly-known catalyst such as other acids and alkalis, etc. 
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As me sotTnt £ \ be conducted under the absence of a solvent, the solvent may be even employed, 

ic Further tLra , °' Uene ' ketone - etn y' acetate, and l-methoxy-2-acetoxyprepane 

2^.2. there ( may be em P'°y ed a reactive fluent such as a polyethyleneglycol monomethylether monofmem 
c 3 P? 1 ^ 19 " 8 ^ di(meth)acrylate which are a mono or poly(meth)acrylate. ™no(meth) 
thl * Fe , ed,n 9 ratio of the nydroxyalkyl(meth)aoylate composition (a) modified by a small amount of lactone with 

(VIII D) exceeds 1.1. there remains a large amount of the component (Vlll-b) and. in uses in which an eooxv compound 
- formulated a pot-life is unpreferably shortened. Further, in the case of less than 0.9. a hig ^olecu,a ^eTgwSe^ 
T,T %- produced - ""P^ferably resulting in that a viscosity becomes high cula ' weight diesters 

[0703] Method for the preparation according to the present invention can be advantageously conducted by industrial 

adhe'onto SriTs! V*" "^f C ° mP ° Und haVi " 9 9TOUP ° btained is ^SKSSSS 

inc h udT a m T, ^ , k 3 reSm haV ' ng amin ° 9r ° UpS Which inc,udes a "y'°". a " inorganic compound which 
includes a metal and silica having hydroxyl group and. further, it is exceedingly useful as a raw matori2faTnSnV 

dtlni r 5 ,** SO H bi,i,y ° f a " aCry ' iC rSSin l ° W3ter and an adueous alka » mutton ^r shSenTng a 

ITSSJ 8 ^ ' '"I 3 " a,kaH deVe '° pment steD when a pattern in which curing by an uSavlolet Tay 

is utilized, and for a removal property of an uncured portion. -vioiei ray 

[0704] Subsequently, the present invention No. IX is illustrated hereinafter in detail. 
I. Raw material for a curable resin composition 

SralLnTthI t^EXT" ^ mafena,S tD emP '° yed PreParati ° n ° f ^ CUrab ' e »* ■""•""» 
1-1. <Acrylic polycarboxylic acid resin (A')> 

EZLI? aC / y "° P** 0 "*** 6 acid resin <*> to ^ employed for the curable resin composition of the present 
ffmmtan has at least two carboxylic groups on average, 5-300 mgKOH/g of an acid value and preferably SS 

SSL? acly,ic P° , y carbox y |ic acid 'esin (A) is obtained by copolymerizing 5-80% by weight of an ethylenic un- 

SfSS^ TZZZ " 9 CarbOX f yHC 9rOUP (a1) ' Pr ° Vided that 3 rati0 of the hydroxya.kyfme^ac^te SpoJitton 
Sin™ 9 h V K 9r °, UP m ° d,fied by 3 Sma " am ° Unt ° f lactone is 5 " 50% b Y weight in the ethyTenic uSura eo 

bT;i~s 

JSS h K U ^ er " i " tha u Case that tne monomer (a1) exceeds 80% by weight, a coating layer becomes unpreferablv 
hard and bntt.e. and ,n the case that the monomer (a2) exceeds 95% by weight, curing becomes SS2f52£ 

ESJ2KE^5SST (a>) WhiCh C ° nStrUCtS aCryHC acid — <*> is 5-50% by weight. 

[0711] Copolymerization can be conducted using an azo-based radical initiator or a peroxide-based initiator as a 
and at a polymenzation temperature of 80-200°C and a polymerization period of 3-10 hours and under Vn ortTna™ 
d^ol^ 

[0712] Further, in the present invention, there may be even employed an acrylic polycarboxylic acid resin fbAI in 
which terminal carboxylic groups in the acrylic polycarboxy.ic acid resin (A') are blocked t^SZ^ZS^l^ 
duces carboxylic group by heating and/or water, in place of the acrylic polycarboxylic acid resin (A* P 

1-1-1 <Hydroxyalkyl(meth)acrylate composition (a') having carboxylic group modified by a small amount of lactone> 

Inlll J*' nydrox >f Wmethjacrylate composition (a") having carboxylic group modified by a small amount of lac- 
tlrllT Z T thS aCfyliC P^y^^'o acid resin (A') is a composition obtained by allowing to react the 
hydroxyalkyl(me h acrylate composition (a) modified by a small amount of lactone represented by thSe^esSbed 

d^ereof 1 ? 3 ,^ IrTn^^r" * described genera, formula ^.^heTnhy- 

dr.de thereof (Vlll-b). and the composition is represented by the above-described general formula (VIII-3). 
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(1) <Hydroxyalkyl(meth)acrylate composition (a) modified by a small amount of lactone> 

[0714] The hydroxyalkyl(meth)acrylate composition (a) modified by a small amount of lactone represented by the 
above-described general formula (1) is as illustrated in the present invention No. I. 

(2) <Carboxylic acid or anhydride thereof> 

[0715] The carboxylic acid represented by the above-described general formula (Vlll-2) or the anhydride thereof is 
as illustrated in the present invention No. VIM. 

[0716] For example, there can be enumerated malonic acid, succinic acid, glutaric acid, adipic acid, sberic acid, 
azelaic acid, sebasic acid, brasilic acid, maleic acid, fumaric acid, itaconic acid, phthalic acid, isophthalic acid, tereph- 
thalic acid, trimerritic acid, tartaric acid, malic acid, mannose acid, 1 ,4-cyclohexane dicarboxylic acid, 1 ,2-cyclohexane 
dicarboxylic acid, 1,4,5,6,7,7-hexachloro-5-norbomene-2,3-dicarboxylic acid, hexahydrophthalic acid, galactose acid, 
4,5-cycIohexene dicarboxylic acid, 3, 6-methylene-4-cyclohexene-1,2-dicarboxylic acid, citric acid, pyromerritic acid, 
dimerof phthalic anhydride, diphenylethertetracarboxylic acid, diphenylsulphone tetracarboxylic acid, benzophenone 
tetracarboxylic acid, butane- 1, 2, 3,4-tetracarboxy lie acid, anhydrides thereof, and a mixture thereof. Of those, maleic 
anhydride, phthalic anhydride, trimellitic anhydride, and pyromellitic anhydride are preferred as a raw material for the 
present invention because of readily obtaining. 

[0717] The carboxylic acid may be unsubstituted or can be also substituted by optional groups by which a reaction 
is not significantly disturbed. Examples of appropriate substituent groups include a halogen, nitro, alkoxy, alkyl, and 
carbonyl group, etc. Further, a desired product can be prepared by allowing to react an acid chloride with a lactone 
(meth)acrylate. 

[0718] Otherwise, residual carboxylic group (R 6 in the general formula (2)) in the acid anhydride may even contain 
an inert functional group such as ether, ester, halogen, and ketone, and, for example, there can be employed an 
ethyl eneglycol ester of trimerritic anhydride (Ricacid TMEG™ (manufactured by Shinnihon Rika)), etc. 
[0719] By employing an anhydride of a polyvalent carboxylic acid having at least two carboxylic groups in the mol- 
ecule, since one carboxylic group in the polyvalent carboxylic acid qualitatively reacts with hydroxyl group at a terminal 
of the hydroxyalkyl (meth)a cry late composition (a) modified by a small amount of lactone, one carboxylic group of the 
polyvalent carboxylic acid can be controlled so as to add to hydroxyl group at a terminal group. 
[0720] As a result, the hydroxyalkyl(meth)acrylate composition (a') modified by lactone containing carboxylic group 
can become obtained in a high efficiency. 

[0721] A reaction of the above-described component (a) with the carboxylic acid or the anhydride thereof slowly 
proceeds at a low temperature and, a polymerization of (meth)acryloyl group is caused at a high temperature. Accord- 
ingly, a preferred temperature ranges in 40-1 60°C. 

[0722] In order to prevent the polymerization of (meth)acryfoyl group, the reaction is preferably conducted under the 
presence of oxygen and, it is preferably conducted under the presence of, for example, a polymerization inhibitor such 
as hydroquinone monomethyiether. The polymerization inhibitor such as quinones is employed in an amount of not 
more than 5,000 ppm, and preferably not more than 700 ppm in a reaction mass. 

[0723] Although the reaction proceeds under the absence of a catalyst, the catalyst may be even optionally employed. 
As the catalyst, there are enumerated a basic compound such as triethylamine, pyridine, N-methylimidazole, diazabi- 
cycloundecene, and diazabicyclooctane; an ammonium salt such as trimethylbenzyl ammonium chloride and tetrabutyl 
ammonium bromide; and a publicly-known catalyst such as other acids and alkalis, etc. 

[0724] The reaction may be conduct under the absence of a solvent and, the solvent may be even employed. As the 
solvent, there are enumerated toluene, methylethyl ketone, ethyl acetate, and 1-methoxy-2-acetoxy pro pane, etc. Fur- 
ther, there may be employed a reactive diluent such as a polyethyieneglycol monomethyiether mono(meth)acryIate or 
a polyethyieneglycol di(meth)acrylate which are a mono or poly(meth)acrylate as a solvent. 

[0725] Feeding ratio of the hydroxyalkyl(meth)acrylate composition (a) modified by a small amount of lactone with 
the carboxylic acid or the anhydride is preferably 0.9-1.1 by mol. In the case that molar ratio of the carboxylic acid or 
the anhydride exceeds 1.1, residual amount thereof becomes large and, in uses in which an epoxy compound is for- 
mulated, a pot-life is unpreferably shortened. 

[0726] Further, in the case of less than 0.9, high molecular weight diesters or triesters, etc. are by-produced, unpref- 
erably resulting in that a viscosity becomes high. 

1-1-2. <Ethylenic unsaturated monomer (a1) having carboxylic group> 

[0727] As the ethylenic unsaturated monomer (a1) having carboxylic group which is other monomer component to 
be employed for copolymerization of the above-described acrylic polycarboxylic acid resin (A'), for example, there are 
enumerated acrylic acid, methacrylic acid, itaconic acid, maleic acid, and an adduct of E-caprolactone therewith (for 
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example, "Alonix M-5300" manufactured by Toa Gosei Kagaku, Ltd.), an adductof the ethytenic unsaturated monomer 
(d3) having hydroxyl group represented by the above-described general formula (4) with the carboxylic acid or the 
anhydride, and an adduct of an ethylenic unsaturated monomer (0 having an acid anhydride group with a monoalcohol 
(g). These may be employed solely or in combination of two or more kinds. 

5 [0728] The carboxylic acid or the anhydride to be employed herein, if it is a compound capable of providing a car- 
boxylic functional property by a half esterification reaction with hydroxyl group at ordinary conditions such as a room 
temperature to 150°C and an ordinary pressure, is not particularly limited. Herein, there is preferably employed a 
compound containing an acid anhydride group having a cyclic (unsaturated or saturated) group having a carbon number 
of 8-12, particularly, 8-10. By the use of such the compound, compatibility becomes excellent in a resin obtained. 

10 [0729] As the acid anhydride, there can be employed an anhydride of the carboxylic acid described in the above- 
described 1-1-1 (2) and, preferably, there are enumerated phthalic anhydride, tetrahydrophthalic anhydride, hexahy- 
drophthalic anhydride, 4-methyl hexahydrophthalic anhydride, and trimellitic anhydride, etc. 

[0730] As specific examples of the ethylenic unsaturated monomer (f) having an acid anhydride group to be employed 
herein, there are enumerated itaconic anhydride, maleic anhydride, and cytraconic anhydride, etc. 
15 [0731] As specific examples of the monoalcohol (g) to be employed herein, there are enumerated methanol, ethanol, 
n-propanol, i-propanol, n-butanol, i-butanol, t-butanol, n-hexylalcohol, lauryl alcohol, methylcellosoive, ethylcellosolve, 
methoxypropanol, ethoxypropanol, fulfuryl alcohol, dimethylaminoethanol, acetol, allyl alcohol, and propalgyl alcohol, 
etc. 

20 1-1-3. <Ethylenic unsaturated monomer (a2) not having carboxylic group> 

[0732] As specific examples of the ethylenic unsaturated monomer (a2) not having carboxylic group which is another 
monomer component to be employed for the copolymerization of the acrylic polycarboxylic acid resin (A'), for example, 
there are enumerated styrene, a-methylstyrene, p-t-butylylstyrene, (meth)acrylate (for example, methyl(meth)acrylate, 
25 ethyl(meth)acrylate, propyl (meth)acrylate, n-, i-, and t-butyl(meth)acrylate, 2-ethylhexyl(meth)acrylate and lauryl 
(meth)acrylate, cyclohexyl(meth)acrylate, and isobonyl(meth)acrylate, etc.), Veova-9 and Veova-10 manufactured by 
Shell, AG. 

[0733] In the case that styrene and a styrene derivative are employed as the ethylenic unsaturated monomer (a2) 
not having carboxylic groups, those are preferably employed in an amount of 5-40% by weight. 

30 

I-2. < Aery lie polycarboxylic acid resin (A*') having carboxylic groups and carboxylate groups> 

[0734] As the acrylic polycarboxylic acid resin (A') to be employed for the curable resin composition of the present 
invention, the acrylic polycarboxylic acid resin (A*') having carboxylic groups and carboxylate groups is preferably 
35 employed, whereby, acid resistance is improved in a coating a composition obtained. 

[0735] The acrylic polycarboxylic acid resin (A*') having carboxylic groups and carboxylate groups is obtained by 
allowing to react 5-50% by weight of the hydroxyalkyl(meth) aery late composition having carboxylic groups (a') modified 
by a small amount of lactones and 5-50% by weight of the acrylic polyacid anhydride (a3) with 5-50% by weight of the 
monoalcohols (g). 

40 [0736] As proportion of the monomer (a') which constructs the acrylic polycarboxylic acid resin (A*') having carboxylic 
groups and carboxylate groups, it is preferably 5-50% by weight, and more preferably 10-40% by weight. 
[0737] In the case that the monomer (a') is less than 5% by weight, a coating layer unpreferably becomes hard and, 
in the case of exceeding 50% by weight, water resistance unpreferably becomes worse. 

[0738] Further, in the case that the (3 3 ) exceeds 50% by weight, unreacted anhydride groups are remained and, 
45 resulting in that a storage stability becomes unpreferably worse and, in the case of less than 5% by weight, the monoal- 
cohols (g) are excessively remained, unpreferably resulting in that lack of curing is caused in curing. 
[0739] The acrylic polyacid anhydride (a3) is obtained by allowing to copolymerize 1 5-40% by weight, and preferably 
15-35% by weight of the ethylenic unsaturated monomer (f) having an acid anhydride group with 60-85% by weight, 
and preferably 65-85% by weight of the ethylenic unsaturated monomer (d1) not having an acid anhydride group. 
so [0740] In the case that the amount of the ethylenic unsaturated monomer (f) having an acid anhydride group is less 
than 15% by weight, curability becomes short and, in the case of exceeding 40% by weight, a coating layer becomes 
excessively brittle, resulting in that weatherability becomes short. As specific examples of ethylenic unsaturated mon- 
omer (0 having an acid anhydride group, there are enumerated ones already illustrated. 

[0741] The ethylenic unsaturated monomer (d1) not having an acid anhydride group, if it does not adversely affect 
55 to the acid anhydride group, is not particularly limited, and there is preferred a monomer having a carbon number of 
3-15, particularly, 3-12 and having one ethylenic unsaturated bond. 

[0742] A mixture of at least two ethylenic unsaturated monomers can be also employed as the ethylenic unsaturated 
monomer (d1) not having an acid anhydride group. Because, it is effective for elevating a compatibility of resins them- 
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selves. Specifically, the above-described monomers are enumerated as the ethylenic unsaturated monomer (a2) not 
having carboxylic group. Monomers having carboxylic group such as acrylic acid, methacrylic acid, itaconic acid, and 
maleic acid can be employed as the ethylenic unsaturated monomer (d1) not having an acid anhydride group. Of those, 
scratch resistance in a coating layer is particularly preferably elevated by the use of a long chain carboxylic acid mon- 
5 omer having a spacer portion of carbon number of 5-20 pieces or so between an ethylenic unsaturated group and 
carboxylic group such as an adduct thereof with e-caprolactone (for example, Alonix M-5300). 

[0743] For example, as the ethylenic unsaturated monomer (d1) not having an acid anhydride group, there can be 
also employed an ethylenic unsaturated monomer (d2) having carboxylic group obtained by half-esterification reaction 
of the ethylenic unsaturated monomer (d3) having hydroxyl group with a compound having an acid anhydride group 

10 in 1/0.5-1/1 .0, preferably, 1/0.8-1/1 .0 of a molar ratio of hydroxyl group with respect to the acid anhydride group. In the 
case that the molar ratio is not less than 1/0.5, viscosity becomes high and workability becomes worse. In the case of 
not more than 1/1 .0, an excessive acid anhydride is remained, and water resistance becomes worse in a coating layer. 
[0744] In the ethylenic unsaturated monomer (d3) having hydroxyl group to be employed herein, a carbon number 
is preferably 2-40, and more preferably 4-20. In the case that a chain length is too short, flexibility is lost in the vicinity 

is of crosslinking points, resulting in that a coating layer becomes too hard and, in the case that it is too long, a molecular 
weight becomes too large between crosslinking points. 

[0745] In general, there is enumerated the ethylenic unsaturated monomer (d3) having hydroxyl group which has an 
organic chain shown by the above-described general formula (4) or an organic chain shown by the above-described 
general formula (6). 

20 [0746] Specifically, there are enumerated 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl(meth)acrylate, 2-hydroxy- 
butyl (meth)acrylate, 4-hydroxybutyl(meth)acrylate, 6-hydroxyhexyl (meth)a cry late, and a reaction product thereof with 
e-caprolactone and, a compound which can be prepared by esterification of a (meth)acrylic acid with a largely excessive 
diol (for example, 1,4-butane diol, 1,6-hexane diol, a polyethylene glycol, and a polypropylene glycol). 
[0747] Such the compounds are commercially supplied, for example, 4-hydroxybutyl acrylate "4-HBA" and 4-hy- 

25 droxybutylmethacrylate "4-HBMA" manufactured by Mitsubishi Kasei, Ltd., etc., and "Placcel FM1" and "Placcel FA1" 
manufactured by Daicel Chemical Industries, Ltd., etc. As a propylene oxide-based monomer, there are "Blemmer PP- 
1000" and "Blemmer PP-800" manufactured by Nihon Yushi, Ltd., and as an ethylene oxide-based monomer, there is 
"Blemmer PE-90" manufactured by Nihon Yushi, Ltd. As specific examples of the compound having an acid anhydride 
group, there are enumerated already exemplified ones. 

30 [0748] The half esterification reaction of the ethylenic unsaturated monomer (d3) having hydroxyl group with the 
compound having an acid anhydride group is conducted according to usual methods, and it is conducted at a temper- 
ature of room temperature to 150°C. 

[0749] Copolymerization of the ethylenic unsaturated monomer (f) having an acid anhydride group with the ethylenic 
unsaturated monomer (d1) not having an acid anhydride group is conducted, for example, by a publicly-known method 
35 such as a solution polymerization which includes a radical polymerization. For example, it can be conducted at a 
polymerization temperature of 100-200°C under an ordinary pressure or compressurization for a polymerization time 
of period of 3-8 hours. 

[0750] As an initiator, there is preferably employed an azo-based or peroxide-based initiator. There can be also 
employed other additives such as a chain transfer agent. 

40 [0751] In the acrylic polyacid anhydride (a3) obtained, a number average molecular weight is 500-8000, further, 
800-6000, particularly preferably 1500-4000. In the case that the number average molecular weight exceeds 8000, 
there lower compatibility of resins themselves and an outer appearance. In the case that the number average molecular 
weight is less than 500, curability becomes insufficient in a coating composition. The acrylic polyacid anhydride (a3) 
obtained has at least two, preferably 2-15 pieces of acid anhydride groups on an average in one molecule. In the case 

45 that the acid anhydride groups are less than 2 pieces in one molecule, curability becomes insufficient in a coating 
composition. In the case of exceeding 15 pieces, a coating layer becomes hard and too brittle and, weatherability is 
short. 

[0752] Subsequently, the acrylic polycarboxylic acid resin (A*') having carboxylic groups and carboxylate groups is 
prepared by allowing to react the hydroxyalkyl(meth)acrylate composition having carboxylic groups (a 1 ) modified by a 
so small amount of lactones and the acrylic polyacid anhydride (a3) with the monoalcohol (g) in an amount of molar ratio 
of the acid anhydride group with respect to hydroxyl groupof 1/10-1/1, preferably 1/5-1/1 , and more preferably 1/2.0-1/1. 
In the case of being less than 1/10, an excessive amount of the monoalcohol is remained, and there is caused lack of 
curing and, in the case of exceeding 1/1 , unreacted acid anhydride groups are remained, and storage stability becomes 
worse. 

55 [0753] The monoalcohol (g) to be employed in the present invention has preferably 1-12 pieces, particularly, 1-8 
pieces of carbon numbers, because an alcohol evaporates to excellently reproduce the acid anhydride group by heating. 
As preferred specific examples of the monoalcohol to be employed, there are enumerated already exemplified ones. 
There are particularly preferred acetol, fulfuryl alcohol, allyl alcohol, propagyl alcohol, and methanol. 
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[0754] The acrylic polycarboxylic acid resin (A*') having carboxylic groups and carboxylate groups obtained has an 
acid value of 5-300 mgKOH/g, and preferably 50-250 mgKOH/g. In the case that the acid value is less than 5 mgKOH/ 
g, curability becomes short and, in the case of exceeding 300 mgKOH/g, storage stability unpreferably becomes short. 
[0755] The acrylic polycarboxylic acid resin (A*') component can be formulated with the curable resin composition 
in an amount of 10-70% by weight, preferably 15-50% by weight, and more preferably 20-45% by weight based on 
total solid components in the curable resin composition. In the case that formulating amount of the acrylic polycarboxylic 
acid resin (A**) component is less than 10% by weight, acid resistance lowers in a coating layer obtained and, in the 
case of exceeding 70% by weight, the coating layer becomes too hard. 

I-3. <Acrylic polycarboxylic acid resin (bA') in which carboxylic groups are blocked> 

[0756] In the curable resin composition of the present invention, the acrylic polycarboxylic acid resin (bA') in which 
carboxylic groups are blocked can be employed in place of the acrylic polycarboxylic acid resin (A*). 
[0757] The acrylic polycarboxylic acid resin (bA*) in which carboxylic groups are blocked to be employed in the present 
invention, if it is an acrylic polycarboxylic acid resin having carboxylic groups which are blocked by a blocking group 
which produces carboxylic group by heat and/or water (for example, moisture in atmosphere or water), can be employed 
without being particularly limited. 

[0758] Such the blocked carboxylic group is shown by -COO-Z (Z is a blocked group derived from a blocking agent 
connected to hydroxyl group in carboxylic group). 

[0759] As the Z, there can be preferably exemplified a silyl blocking group (FC,) or a vinylether blocking group (K 2 ) 
described below. 

[0760] As the silyl blocking group (K.,), there can be exemplified a silyl blocking group represented by the following 
general formula (7). 

I 

-Si-R 3 (7) 
I 

R 3 

[0761] In the above formula (7), R 1 -R 3 are independently an alkyl group or aryl group. As the alkyl group, there is 
enumerated a linear or branched lower alkyl group having a carbon atom number of 1-10 and, for example, there are 
particularly preferred methyl group, ethyl group, propyl group, butyl group, s-butyl group, t-butyl group, pentyl, and 
hexyl group. As the aryl group, there is enumerated phenyl group, naphtyl group, and indenyl group, etc. which may 
even have substituent groups, and phenyl group is particularly preferred. 

[0762] As the silyl blocking group (K t ) represented by the general formula (7), there are enumerated trimethyl silyl 
group, diethyl methylsilyl group, ethyldimethyl silyl group, butyldimethyl silyl group, butyimethylethyl silyl group, phe- 
nyldimethyl silyl group, phenyldiethyl silyl group, diphenylmethyl silyl group, and diphenylethyl silyl group, etc. Partic- 
ularly, in the R 1 -R 3 having smaller molecular weight, blocking group is readily unfastened, and preferably reactive. 
[0763] As such blocking agents which produce such the silyl blocking group (K^, a halogenated silane can be pref- 
erably employed. As halogens contained in the halogenated silane, there are enumerated chlorine atom or bromine 
atom, etc. 

[0764] As specific blocking agents, for example, there are enumerated trimethyl silyl chloride, diethylmethyl silyl 
chloride, ethyldimethyl silyl chloride, butyldimethyl silyl bromide, and butyimethylethyl silyl bromide, etc. 
[0765] As the vinylether blocking group (K 2 ), there is exemplified the following vinylether blocking group shown by 
formula (8) described below. 



Rl R2 
I I 

- C - CH - R 3 (8) 
I 

Y-R 4 
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[0766] In the above formula (8), R 1 -R 3 are independently a hydrogen atom or a hydrocarbon group having a carbon 
atom number of 1-1 8. R 4 is a hydrocarbon group having a carbon atom number of 1 -1 8. Y is an oxygen atom or sulphur 
atom. Further, R 3 and R 4 may be mutually connected, and there may be formed a heterocyclic ring containing the Y 
as a hetero atom. 

5 [0767] As the hydrocarbon atom in the above formula, there are enumerated an alkyl group, a cycloalkyl group, and 
an aryl group. 

[0768] As the alkyl group, for example, there is particularly preferred a lower alkyl group having a carbon atom number 
of 1-8 such as methyl group, ethyl group, propyl group, butyl group, s-butyl group, t-butyl group, pentyl group, and 
hexyl group. As the cycloalkyl group, for example, there are enumerated cyclopentyl group and cyclohexyl group, etc. 
10 As the aryl group, there are included phenyl group, naphtyl group, and anthrathene group, etc. which may have a 
substituent group, and phenyl group is particularly preferred. 

[0769] Such the vinylether blocking group (K 2 ) can be formed by allowing to react an aliphatic vinylether or thioether, 
or a cyclic vinylether, or thioether with hydroxyl group in carboxylic group. 

[0770] As the aliphatic vinylether, for example, there are enumerated methylvinylether, ethylvinylether, isopropyl vi- 
15 nylether, n-propylvinylether, isobutylvinylether, 2-ethylhexylvinylether, cyclohexylvinylether, or a vinylthioether corre- 
sponding thereto. 

[0771] As the cyclic vinylether, for example, there are enumerated 2,3-dihydrofran, 3,4-dihydrofran, 2,3-dihydro-2H- 
pyran, 3,4-dihydro-2H-pyran, 3,4-dihydro-2-methoxy-2H-pyran, 3,4-dihydro-4,4'-dimethyl-2H-pyran-2-on, 3,4-dihydro- 
2-ethoxy-2H-pyran, and 3,4-dihydro-2H-pyran-2-sodium carboxylate, etc. 
20 [0772] As an epoxy group which is a second functional group, a nonalicyclic epoxy group and an alicyclic epoxy 
group are included. 

[0773] As the nonalicyclic epoxy group, for example, there is exemplified a group in which an epoxy bond by oxygen 
atom is formed between carbon atoms in an alkyl group such as 1 ,2-epoxy group and 1 ,3-epoxy group. As the alicyclic 
epoxy group, for example, there is exemplified a group in which oxygen atom forms an epoxy bond between carbon 

25 atoms which are adjacent to a ring in a 5- or 6-membered ring (there is also included a hydrocarbon having a bridge) . 
Of those, the nonalicyclic epoxy group is more preferably employed than the alicyclic epoxy group in a practical use. 
[0774] In resins to be employed in the present invention, the above-described first and second functional groups 
may even exist in an identical resin, or in individual resins, respectively. Carboxylic group produces a secondary hy- 
droxyl group in addition to the formation of an ester bond by reacting with an epoxy group. 

30 [0775] Further, a blocked carboxylic group produces a free carboxylic group by disconnection of a blocked group, 
and the same reaction is caused as the above descriptions. In the curable resin composition of the present invention, 
a crosslinking (curing) reaction is caused and a resin is formed by a mutual reaction in such the functional groups. 

1- 4. <Polyepoxide (IX-B)> 

35 

[0776] Polyepoxide (IX-B) which is another constructing component in the curable resin composition of the present 
invention, if it is a compound having at least two pieces of epoxy groups on an average in the molecule, preferably 

2- 10 pieces, and more preferably 3-8 pieces, is not particularly limited. 

[0777] For example, there are enumerated glycidylethers (B^ of a polyvalent alcohol and glycidylesters (B 2 ) of a 
40 polybasic acid. 

[0778] As an example of the glycidylethers (BJ of a polyvalent alcohol, there are enumerated glycerine triglyci- 
dylether, trimethylolpropane triglycidylether, pentaerythyritol tetraglycidylether, and sorbitol hexaglycidylether, etc. 
[0779] Further, as an example of the glycidylesters (B 2 ) of a polybasic acid, there is enumerated a glycidylester of 
hexahydrophthalic acid. 

45 [0780] Polyepoxide (B') which is preferably employed in the present invention is an acrylic polyepoxide (B*) which is 
obtained by copolymerization of 10-60% by weight, and preferably 15-50% by weight of an ethylenic unsaturated 
monomer (e) containing an epoxy group with 40-90% by weight, and preferably 50-80% by weight of an ethylenic 
unsaturated monomer (h) not containing an epoxy group. 

[0781] In the case that the ethylenic unsaturated monomer (e) containing an epoxy group is not more than 10% by 
50 weight, curability is short and, in the case of more than 60% by weight, a resin becomes too hard and weatherability 
becomes short. 

[0782] As the ethylenic unsaturated monomer (e) containing an epoxy group, for example, there are enumerated 
glycidyl(meth)acrylate, p -methylglycidyl(meth)acrylate, and 3,4-epoxycyclohexenyl(meth)acrylate, etc. In order to pre- 
pare a coating composition which is well-balanced between curability and storage stability, glycidyl(meth)acrylate is 
55 preferably employed. 

[0783] As the ethylenic unsaturated monomer (h) not containing an epoxy group, there are enumerated monomers 
described hereinabove as the ethylenic unsaturated monomer (d.,) not containing an acid anhydride group in order to 
prepare the polymer (A3) containing acid anhydride groups. Copolymerization can be also likewise conducted as de- 
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scribed hereinabove. 

S.!ffLJ n the aCfy " C P° lve P oxide ( B '> obtained, a number average molecular weight is 200-10000, preferably 
500-8000 and more preferably 800-5000. In the case that the number average molecular weight is less than 200 
curability lowers in a coating layer obtained and, in the case of exceeding 10000, solid component lowers in a coating' 
Further, an epoxy equivalent is 50-700, preferably 80-600, and more preferably 100-500. In the case that the epoxy 
equivalent is more than the maximum value, curability becomes unpreferably insufficient in a coating composition 

' thS ° aSe th3t * iS ' eSS tha " the minimum va "Je. a coating layer becomes unpreferably too hard 

and brittle. 

[0786] Further, in order to prepare the ethylenic unsaturated monomer (d,) not containing an acid anhydride group 
the ethylenic unsaturated monomer (d 3 ) containing hydroxyl group can be employed as the ethylenic unsaturated 
monomer (h) not containing an epoxy group. 

l ° 7 f!P If*?*"* thS 0336 th3t the eth y |enic ""saturated monomer (d 3 ) containing hydroxyl group is employed 
as the ethylenic unsaturated monomer (h) not containing an epoxy group, adhesion and a recoating property etc are 
elevated in a coating layer obtained. Still further, since an acrylic polyepoxide having hydroxy group and epoxy group 
obtained by employing the ethylenic unsaturated monomer (d 3 ) containing hydroxyl group as the ethylenic unsaturated 
monomer (h) not containing an epoxy group, as described hereinafter, reacts and connects with an acrylic polycarbox- 
ylic acid (A) having carboxylic groups and carboxylate groups at both functional groups which are hydroxyl groups 
and carboxylic groups, a stronger coating layer can be obtained. 

[0788] In the acrylic polyepoxide (B 1 ) obtained, a hydroxyl value is 5-300 mgKOH/g solid, preferably 1 0-200 mgKOW 
g solid, and more preferably 15-150 mgKOH/g solid. In the case that the hydroxyl value exceeds 300 mgKOH/g solid 
solid components lower in a coating and water resistance is insufficient in a cured coating layer and, in the case of 
less than 5 mgKOH/g solid, adhesion is poor. 

[0789] A particularly preferred polyepoxide (B") to be employed in the present invention is obtained by copolymeri- 
zation of (,) 5-70% by weight of the ethylenic unsaturated monomer (d 3 ) containing hydroxyl group which has the 
organic chain shown by the general formula (4) or the organic chain shown by the general formula (6) (ii) 10-60% by 
weight of the ethylenic unsaturated monomer (e) containing an epoxy group, and optionally, (iii) 0-85% by weight of 
the ethylenic unsaturated monomer (d 4 ) not simultaneously containing hydroxyl group and epoxy group 
[0790] In the case, the polyepoxide (B») having hydroxyl group and an epoxy group has preferably 2-12 pieces, more 
30 hydrox^ group P ' e ° eS " 9r ° UPS °" aVera£}e 3 " d preferablv 0 5 - 10 P ieces . more preferably 1-8 pieces of 

[0791] The polyepoxide (B") component can be formulated in an amount of 10-80% by weight preferably 20-70% 
by weight, and more preferably 30-65% by weight based on total solid of the curable resin composition. In the case 
that the amount of the polyepoxide (B") is less than 1 0% by weight, curability lowers in a coating layer obtained and 
in the case of exceeding 80% by weight, yellowing resistance becomes worse 
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I-5. <Anti oxidant (l-C)> 



[0792] Usually, a hydrocarbon-based polymer suffers an oxidizing deterioration such as heat, light, oxygen and 
mechanical shear force during preparation, processing, and using. It is known that the oxidizing deterioration depends 
upon an action of a self-oxidizing mechanism which is a radical continuous chain reaction 

[ ° 793] . antioxidar « for preventing the oxidizing deterioration of a polymer is classified into a radical continuous 
chain inhibitor (a primary antioxidant) such as a phenol-based antioxidant and an amine-based antioxidant and a 
peroxide decomposing agent (a secondary antioxidant) such as a phosphorus-based antioxidant and a sulphur-based 
antioxidant. 

45 f° 79 l ] I He anW ° Xidant (IX " C) t0 be em P loved in the cura °' a resin composition of the present invention is a phenol- 
based antioxidant (C,), a phosphite-based antioxidant (C 2 ). and a thioether-based antioxidant (C 3 ). Any one of those 
may be even employed solely, and two or more kinds thereof are effectively employed in combination for an anti- 
yellowing property because of different anti-oxidizing mechanisms in the respective antioxidants 

so ? 79 ^ Th e phenol-based antioxidant (C, ) is preferably employed in combination with the phosphite-based antioxi- 
dant (Cj) or the thioether-based antioxidant (C^). By employing the phenol-based antioxidant (C,) in combination with 
the phosphite-based antioxidant (O,), an anti-yellowing property is particularly preferably improved 
[0796] Thephenol-basedantioxidant (C,) preferably has a highly massive and bulky substituent group such as for 
example, t-buty! group at an ortho position of a phenol. Because, there is not apt to be caused a chain transferring of 
a free radical caught, and stability increases. More preferably, there is enumerated one having a bulky substituent 

oo group at both ortho positions. 

K 0 ?, 7 ] thS pheno| - based a "tioxidant (C,), there are enumerated 2,6-di-t-butylphenol, 2,4-di-t-butylphenol 2-t- 
k"^ 1'u J" methyl " Phen01 ' 2 - 6 - di - t -o"tyl-4-methylphenol. 2,6-di-t-butyl-4-ethylphenol, 2.4.6-tri-t-butylphenol. 2 6-t- 
butyl-4-hydroxymethylphenol. 2.6-di-t-butyl-2-dimethylamino-p-cresol. n-octadecyl-3-(3'.5'-di-t-butyl-4-hydroxyphe- 
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nyl)propionate, styrenatephenol, 2,2 , -methylene-bis-(4-methyl-6-t-butylphenol), 2,2'-methylene-bis-(6-cyclohexyl- 
4-methylphenol), 2,2-butylidene-bis- (2-t-butyl-4-methylphenol), 4,4 , -methylene-bis-(2,6-di-t-butylphenol), 1,6-hexan- 
ediol-bis-[3-(3,5-di-t-butyl-4-hydroxyphenyI)propionate], tris(3,5-di-t-butyl-4-hydroxybenzyl)isocyan urate, tet- 
rakis-[methylene-3-(3',5'-di-t-butyl-4'-hydroxyphenyl)propiona te]methane. 1 ,1 ,3-tris-(2-methyl-4-hydroxy-5-t-butyl- 
phenyl)butane, and 3,9-bis[1 ,1-di-methyl-2-{-(3-t-butyl-4-hydroxy-5-methylphenyl)pr opionyloxyJethyQ- 
2,4,8, 1 0-tetraoxaspyro[5,5]undecane, etc. 

[0798] Preferred phenol-based antioxidant (C^ are 2,6-di-t-butylphenol, 2-t-butyl-4,6-di-m ethyl-phenol, 2,6-di-t- 
butyl-4-methylphenol, 2,6-di-t-butyl-4-ethylphenol, 2,4,6-tri-t-butylphenol, styrenatephenol, 2,2'-methylene-bis-(4-me- 
thyl-6-t-butylphenol), 2,2'-methylene-bls-(6-cyclohexyl-4-methylphenol), 4,4'-methylene-bis-(2,6-di-t-butylphenol), 
and tetrakis-[methylene-3-(3\5'-di-t-butyl-4'-hydroxyphenyl)propiona te] methane, etc. 

[0799] As commercially supplied phenol-based antioxidant (C^, for example, there are enumerated Sumilizer (Su- 
milizer)BHT, Sumilizer-S, Sumilizer-BP-76, Sumilizer-MD-PS, Sumilizer-BP-101, Sumilizer-GA-80, Sumilizer-BBM-S, 
Sumilizer-WX-R, Sumilizer-MW, Sumilizer-GM, and Sumilizer-GS which are manufactured by Sumitomo Kagaku, Ltd., 
and Adekastab AO-20, Adekastab AO-30, Adekastab AO-40, Adekastab AO-50, Adekastab AO-6 Adekastab AO-75, 
Adekastab AO-80, Adekastab AO-330, Adekastab AO-616, Adekastab AO-635, Adekastab AO-658, Adekastab AO-15, 
Adekastab AO-18, Adekastab 328, and Adekastab 37, etc. which are manufactured by Asahi Denka, Ltd. 
[0800] As the phosphite-based antioxidant (C 2 ), for example, tris(isodecyl)phosphite, tris(tridecyl) phosphite, phenyl- 
diisodecyl phosphite, diphenylisooctyl phosphite, triphenyl phosphite, tris(nonylphenyl)phosphite, 4,4-isopropylidene- 
diphenolalkyl phosphite, tris(mono- and di-mixed nonylphenyl)phosphite, tris(2,4-di-t-butylphenyl)phosphite, dis- 
tearylpentaerythritol diphosphite, di(2,4-di-t-buty!phenyl)pentaerythritol diphosphite, di(nonylphenyl)pentaerythritol di- 
phosphite, phenyl-bisphenol A pentaerythritol diphosphite, tetratridecyl-4 f 4-butylidenebis-(3-methyl-6-t-butylphenol)- 
di-ph osphite, and hexatridecyl 1,1,3-tris(2-methyl-4-hydroxy-5-t-butylphenyl)butanetriphosphite, etc. 
[0801] Preferred phosphite-based antioxidant (Cy are tris(isodecyl)phosphite, phenyldiisodecyl phosphite, diphe- 
nylisooctyl phosphite, triphenyl phosphite, distearylpentaerythritol diphosphite, di(nonylphenyl)pentaerythritol diphos- 
phite, phenyl-bisphenol A pentaerythritol diphosphite, and tetratridecyW^-butylidenebis-fS-methyl-e-t-butylphenol)- 
di-ph osphite, etc. 

[0802] As commercially supplied phosphite-based antioxidant (Cy, for example, there are enumerated Sumilizer 
TMP, and Sumilizer TPP-R, Sumilizer P-16 which are manufactured by Sumitomo Kagaku, Ltd., and Adekastab PEP- 
2, Adekastab PEP-4C, Adekastab PEP-8, Adekastab PEP-8F, Adekastab PEP-8W, Adekastab PEP-11C, Adekastab 
PEP-24G, Adekastab PEP-36, Adekastab HP-10, Adekastab 2112, Adekastab 260, Adekastab P, Adekastab QL, Ade- 
kastab 522A, and Adekastab 329K, Adekastab 1178, Adekastab 1500, Adekastab C, Adekastab 135A, Adekastab 
517, Adekastab 3010, and Adekastab TPP, etc. which are manufactured by Asahi Denka, Ltd. 
[0803] As the thioether-based antioxidant (C 3 ), for example, there are enumerated dilauryl-3,3Mhiodipropionate, 
ditridecyl-3,3'-thiodi propionate, dimylistyl-3,3'-thiodipropionate, distearyl-3,3'-thiodipropionate, bis(2-methyl-4-{3-n- 
a!kyIthiopropionyloxy}-5-t-butylphenyl)sulphi de, pentaerythritol-tetrakis-(p-lauryl-thiopropionate), and 2-mercaptoben- 
zimidazoie, etc. 

[0804] As commercially supplied thioether-based antioxidant (C 3 ), for example, there are enumerated Sumilizer 
TPL-R, Sumilizer TPM, Sumilizer TPS, Sumilizer TP-D, Sumilizer TL, and Sumilizer MB which are manufactured by 
Sumitomo Kagaku, Ltd., and Adekastab A0-23 Adekastab AO-412S, and Adekastab A0-503A, etc. which are manu- 
factured by Asahi Denka, Ltd. 

[0805] The antioxidant (IX-C) is formulated in a proportion of 0.1-10% by weight, preferably 0.5-8% by weight, and 
more preferably 1-7% by weight based on total solid components in the curable resin composition [A' + (IX-B) + (IX-C)]. 
In the case that the amount of the antioxidant is less than 0. 1 % by weight, yellowing is remarkably observed in baking 
and, in the case of exceeding 10% by weight, curability lowers in a coating layer. 

II. <Curable resin composition> 

11-1. < Formulation of the curable resin composition> 

[0806] The curable resin composition of the present invention is obtained by formulating the acrylic polycarboxylic 
acid resin (A') and the polyepoxide (IX-B), or the acrylic polycarboxylic acid resin (A') t the polyepoxide (IX-B), and the 
antioxidant (IX-C). 

[0807] Formulation of the acrylic polycarboxylic acid resin (A'), the polyepoxide (IX-B), and the antioxidant (IX-C) 
can be readily conducted in an amount and method well known by a skilled person in the art. Particularly, in the case 
of using an acrylic polycarboxylic acid resin (A*') having carboxylic groups and carboxylate groups, and a polyepoxide 
(B') having hydroxyl group and an epoxy group as a polyepoxide, there can be obtained a curable resin composition 
having a high solid content which can provide a coating layer having an excellent acid resistance. 
[0808] In the case, the formulation is conducted in a molar ratio of the carboxylic groups contained in the acrylic 
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polycarboxylic acid resin (A*') with respect to the epoxy group contained in the polyepoxide (B') of 1/1.2-1/0.6, and 
preferably 1/1 .0-1/0.8, and molar ratio of the carboxylate groups contained in the acrylic polycarboxylic acid resin (A*') 
with respect to the hydroxyl group contained in the polyepoxide (B*) of 1/1.5-1/0.2, preferably 1/1.2-1/0.25, and more 
preferably 1/1-1/0.3. 

5 [0809] In the case that the molar ratio of the carboxylic groups contained in the resin (A*') with respect to the epoxy 
group contained in the polyepoxide (B') is less than 1/1.2, a coating layer yellows and, in the case of exceeding 1/0.6, 
curability lowers in a resin composition obtained. In the case that the molar ratio of the carboxylate groups contained 
in the resin (A*') with respect to the hydroxyl group contained in the polyepoxide (B') is less than 1/1 .5, water resistance 
lowers because of excessive hydroxyl groups and, in the case of exceeding 1/0.2, curability lowers in a resin compo- 

10 sition obtained. The formulating amount can be calculated from a hydroxyl value, acid value, and epoxy equivalent of 
resins according to a calculating method well known by a skilled person in the art. 

[0810] In thus-obtained curable resin composition of the present invention, a curing mechanism is as follows. First 
of all, the carboxylic group react with the carboxylate groups in the acrylic polycarboxylic resin (A') or the resin (A*') by 
heating to form acid anhydride groups in a polymer, and a free monoalcohol is produced. The monoalcohol produced 
15 is removed out of a system by evaporation. The acid anhydride groups produced in a polymer form again carboxylic 
groups by forming crosslinking points through a reaction with the hydroxyl groups contained in the polyepoxide (IX-B). 
The carboxylic groups form crosslinking points by a reaction with the epoxy groups in the polyepoxide (IX-B). As de- 
scribed hereinabove, a high crosslinking density can be provided by an advance of a curing. 

20 ||-2. <Polyester polycarboxylic acid> 

[0811] In addition to the above-described essential components, there can be optionally formulated a binder com- 
ponent such as a polyester polycarboxylic acid (IX-D) into the curable resin composition of the present invention. It is 
effective for elevating a solid content in a coating layer obtained. 
25 [0812] The polyester polycarboxylic acid (IX-D) to be employed in the curable resin composition of the present in- 
vention is obtained by a half-esterification reaction of a polyester polyol (k) having at least three hydroxyl groups with 
an acid anhydride. 

[0813] In the present invention, the polyester polyol (k) means a polyvalent alcohol having at least one ester bond 
chain, and preferably at least two ester bond chains. 

30 [0814] The polyester polycarboxylic acid (IX-D) to be employed in the curable resin composition of the present in- 
vention has an acid value of 50-350 mgKOH/g solid, preferably 100-300 mgKOH/g solid, and more preferably 150-250 
mgKOH/g solid, a number average molecular weight of 400-3500, preferably 500-2500, and more preferably 700-2000, 
and weight average molecular weight/number average molecular weight of not more than 1 .8, preferably not more 
than 1 .5, and more preferably not more than 1 .35. 

35 [0815] In the case that the acid value exceeds 350 mgKOH/g solid, polymer viscosity becomes too high, resulting 
in that concentration of solid components lowers and, in the case that the acid value is less than 50 mgKOH/g solid, 
curability is short in a coating layer. 

[0816] In the case that the molecular weight exceeds 3,500, polymer viscosity becomes too high, resulting in that 
handling becomes difficult and concentration of solid components lowers in a coating composition and, in the case that 
40 the molecular weight is less than 400, curability is short in a coating layer or water resistance lowers in a coating layer. 
In the case that the weight average molecular weight/number average molecular weight exceeds 1 .8, water resistance 
lowers or weatherability lowers in a coating layer. 

[0817] Further, the polyester polycarboxylic acid (IX-D) may even have a hydroxyl value of not more than 150mgKOH/ 
g solid, preferably 5-100 mgKOH/g solid, and more preferably 10-80 mgKOH/g solid, whereby, adhesion elevates in 
45 a coating layer obtained. In the case that the hydroxyl value exceeds 150 mgKOH/g solid, water resistance lowers in 
a coating layer. 

[0818] Half-esterification can be conducted by same operations using the above-described acid anhydride for pre- 
paring the ethylenic unsaturated monomer having carboxylic group to be employed as the ethylenic unsaturated mon- 
omer (d t ) not having an acid anhydride group. However, the hydroxyl groups may be even remained without necessity 
50 of changing all the hydroxyl groups in the polyester polyol (k) to carboxylic groups. The polyester polycarboxylic acid 
(D^ having hydroxyl groups provides a coating layer having an excellent adhesion such as a recoating property com- 
pared to the polyester polycarboxylic acid (D 2 ) not having hydroxyl group. 

[0819] Further, since the polyester polycarboxylic acid (D 3 ) having hydroxyl groups and carboxylic groups, as de- 
scribed hereinafter, can react and connect to both of the polyepoxide (B 1 ) and the acrylic polycarboxylic acid resin (A'), 
55 there can be obtained a tough coating layer. 

[0820] There is preferred one having not less than 0.1 piece of hydroxyl groups on an average in the molecule. 
[0821] In general, mol amount of acid anhydride groups with respect to mol amount of OH groups in the polyester 
polyol (k) is desirably controlled in 0.2-1 .0 times and, particularly 0.5-0.9 times. In the case that the mol amount of acid 
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anhydride groups with respect to mol amount of OH groups is less than 0.2, curability is short in a coating layer. 
[0822] The polyester polyol (k) to be employed herein provides a polyester polycarboxylic acid (D) having at least 
two acid-functional groups in the molecule and the above-described characteristics by reacting with an acid anhydride. 
[0823] In general, such the polyester polyol (k) is prepared by condensation of a low molecular weight polyvalent 
5 alcohol having at least three hydroxyl groups and a carbon number of 3-16 with a linear aliphatic dicarboxylic acid. By 
introducing a linear aliphatic group into the low molecular weight polyvalent alcohol, flexibility is given in a coating layer 
obtained, whereby, impact resistance elevates. 

[0824] As the low molecular weight polyvalent alcohol to be employed, there are enumerated trimethylol propane, 
trimethylol ethane, 1,2,4-butanetriol, ditrimethylol propane, pentaerythritol, cHpentaerythritol, glycerine, and a mixture 
10 thereof. 

[0825] As the dicarboxylic acid, there are enumerated a dibasic acid such as phthalic acid, isophthalic acid, tereph- 
thalic acid, succinic acid, adipic acid, azelaic acid, sebasic acid, tetrahydrophthalic acid, hexahydrophthalic acid, maleic 
acid, fumaric acid, and a mixture thereof. Further, there can be employed an acid anhydride such as succinic anhydride, 
phthalic anhydride, tetrahydrophthalic anhydride, hexahydrophthalic anhydride, hymic anhydride, trimellitic anhydride, 

is methylcyclohexene tricarboxylic anhydride, pyromellitic anhydride, and a mixture thereof. 

[0826] The polyester polyol (k) is synthesized by a usual esterification reaction. That is, it is polyesterized by a 
dehydrating condensation reaction of a polyvalent alcohol with a polybasic acid, an esterification of a polyvalent alcohol 
with an acid anhydride and then a dehydrating reaction with an alkyl component. By such the operations, an oligomer 
of a polyester polyol (k) having a relatively low molecular weight, and there is provided a coating composition having 

20 a high solid. 

[0827] A particularly preferred polyester polyol (k) to be employed in the present invention is obtained by chain 
extending through addition of a lactone compound such as e-caprolactone to a low molecular weight polyvalent alcohol. 
Since a molecular weight distribution becomes sharp, a coating composition becomes high-solid, and there is obtained 
a coating layer having an excellent weatherability and water resistance. 
25 [0828] As a low molecular weight polyvalent alcohol to be particularly preferably employed in the case, there are 
enumerated trimethylol propane, ditrimethylol propane, and pentaerythritol, etc. 

[0829] The lactone compound to be employed in the present invention may be a cyclic compound which produces 
hydroxyl group at a terminal by ring-opening through reacting with a nucleophilic agent because of the presence of 
oxygen atom in the ring. A preferred lactone compound has a carbon number of 4-7. Because, it readily causes a ring- 
30 opening addition reaction. 

[0830] As a specific example of the lactone to be preferably employed, already exemplified ones are enumerated, 
and there are preferably employed e-caprolactone, 5-varelolactone, and -y-butyrolactone. 

[0831] Chain extension can be conducted by the same conditions as in a usual ring opening addition reaction. For 
example, a polyester polyol (k) is obtained by allowing to react at 80-200°C within 5 hours in an appropriate solvent 
35 or the absence of a solvent, which is chain-extended by a low molecular weight polyvalent alcohol. A tin-based catalyst 
may be even employed. 

[0832] In the case, a mol amount of the lactone compound is 0.2-10 times, preferably 0.25-5 times, and more pref- 
erably 0.3-3 times with respect to a mol amount of OH group in the low molecular weight polyvalent alcohol. In the 
case that the mol amount of the lactone compound with respect to a mol amount of OH group is less than 0.2 times, 
40 a resin becomes hard, and impact resistance lowers in a coating layer and, in the case of exceeding 10 times, hardness 
lowers in the coating layer. 

[0833] The polyester polycarboxylic acid (IX-D) component can be formulated within 70% by weight, preferably 5-50% 
by weight, and more preferably 10-40% by weight based on total solid in the curable resin composition. In the case 
that amount of the polyester polycarboxylic acid (IX-D) is less than 5% by weight, solid concentration does not increase 
45 in a coating and, in the case of exceeding 70% by weight, weatherability lowers in a coating layer obtained. 

ll-3. <Silicone polymer (IX-L)> 

[0834] In the curable resin composition of the present invention, there can be optionally formulated a binder compo- 
so nent such as a silicone polymer (IX-L). It is effective for elevating a solid component concentration in a coating layer 
obtained. 

[0835] The silicone polymer (IX-L) to be employed in the present invention is, for example, a silicone polymer having 
an epoxy group and/or an alkoxy group. 

[0836] As the silicone polymer (L,) having epoxy groups, for example, there is enumerated a "NUC silicone" series 
55 manufactured by Nihon Unicar, Ltd. 

[0837] As the silicone polymer (L 2 ) having alkoxy groups, for example, there is enumerated "KC89-S", etc. manu- 
factured by Shin-etsu Kagaku Kogyo, Ltd. 

[0838] As the silicone polymer (L 3 ) having epoxy groups and alkoxy groups, for example, there are enumerated 
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"MKC silicate MSEP 2" series manufactured by Mitsubishi Kagaku, Ltd., and a "NUC silicone" series manufactured by 
Nihon Unicar, Ltd. 

[0839] A method for the preparation of such the silicone polymers is described in pages 29-30 of Abstracts in Organic 
Silicone Material Chemical Symposium in 1990. The epoxy group can exist at middle portions or terminals of a linear 
5 or cyclic hydrocarbon chain. 

[0840] In the present invention, an epoxy equivalent represents g-number of a compound containing 1 g equivalent 
of an epoxy group, an alkoxy equivalent represents g-number of a compound containing 1 g equivalent of an alkoxy 
group, and a hydroxyl group equivalent represents g-number of a compound containing 1 g equivalent of hydroxyl 
group. 

w [0841] In the silicone polymer (IX-L), the epoxy equivalent is 100-1500, and the alkoxy equivalent is 50-1500. In the 
case that the epoxy equivalent is less than 100, storage stability becomes poor in a coating and, in the case of exceeding 
1500, curability becomes poor. A range of the epoxy equivalent is preferably 140-1000, and more preferably 180-700. 
A range of the alkoxy equivalent is preferably 60-800, and more preferably 80-500. 

[0842] Such the silicone polymer (L 3 ) component having epoxy groups and alkoxy groups can be formulated within 
15 30% by weight based on the total solid weight of the curable resin composition, preferably 3-20% by weight, and more 
preferably 5-15% by weight. 

[0843] In the case that an amount of the silicone polymer (L 3 ) component exceeds 30% by weight, storage stability 
becomes poor in a coating obtained. 

[0844] In the present invention, a silicone polymer (L 4 ) having hydroxyl groups and carboxylic groups can be em- 
20 ployed together with or in place of the silicone polymers (L 1f L 2 , and L 3 ) having epoxy groups and/or alkoxy groups. 
The silicone polymer (L 4 ) having hydroxyl groups and carboxylic groups is obtained by a half-esterification reaction of 
a silicone polymer having hydroxyl group with a compound having an acid anhydride group. 

[0845] In the silicone polymer (L 4 ), a number average molecular weight is 500-6000, and preferably 1000-4500, a 
hydroxyl group value is 2-120 mgKOH/g solid, and preferably 10-80 mgKOH/g solid, and an acid value is 20-180 
25 mgKOH/g solid, and preferably 35-150 mgKOH/g solid. In the case that the number average molecular weight and 
hydroxyl group value or acid value exceed maximum value of the ranges, it becomes difficult to prepare a coating 
having a sufficiently high solid content and, in the case of less than minimum value of the ranges, curability lowers in 
a coating. 

[0846] The silicone polymer having hydroxyl groups is commercially supplied, for example, there are enumerated 
30 KR-2001 manufactured by Shin-etsu Silicone, Ltd., and NUC silicone series manufactured by Nihon Unicar, Ltd., etc. 
[0847] The silicone polymer having hydroxyl groups has preferably 3-12 pieces of hydroxyl groups on an average 
in the molecule. In the case that the hydroxyl groups is less than 3 on an average, curability is short and, in the case 
of exceeding 12, viscosity becomes high, resulting in that it becomes difficult to increase solid content in the case of 
preparation of a coating composition. 
35 [0848] The compound having an acid anhydride group, if it is a compound which can provide a carboxyl-functional 
property by reacting with hydroxyl group in usual reaction conditions such as a room temperature to 120°C and an 
ordinary pressure, is not particularly limited. By the use of a compound having an acid anhydride group and having a 
saturated or unsaturated cyclic group of a carbon number of 8-12, compatibility with a resin becomes preferably ex- 
cellent. 

40 [0849] As the compound having an acid anhydride group, for example, there are enumerated hexahydrophthalic 
anhydride, phthalic anhydride, 4-methylhexahydrophthalic anhydride, tetrahydrophthalic anhydride, and trimellitic an- 
hydride, etc. 

[0850] Half-esterification reaction of the silicone polymer having hydroxyl group with the compound having an acid 
anhydride group is conducted according to usual methods, for example, at room temperature to 120°C for 30 minutes 
45 to 8 hours. In the case that the reaction is conducted for a long time of period exceeding 120°C, polyesterization 
reaction is caused and there is produced a silicone polyester (IX-L) having a high molecular weight. Since such the 
silicone polyester (IX-L) has a small amount of functional groups and high viscosity, it is not preferred to be employed 
in the present invention. 

[0851] Such the silicone polymer (L 4 ) having hydroxyl groups and carboxylic groups can be formulated within 30% 
50 by weight based on the total solid weight of the curable resin composition, preferably 3-20% by weight, and more 
preferably 5-1 5% by weight. In the case that an amount of the silicone polymer (L 4 ) component exceeds 30% by weight, 
storage stability becomes poor in a coating obtained. 

[0852] In the case that the silicone polymer (L3) having epoxy groups and alkoxy groups is employed together with 
the silicone polymer (L 4 ) having hydroxyl groups and carboxylic groups, total amount is within 30% by weight based 
55 on the total solid weight of the curable resin composition, preferably 3-20% by weight, and more preferably 5-15% by 
weight. In the case that an amount of the silicone polymers (L 3 +L 4 ) component exceeds 30% by weight, storage stability 
becomes poor in a coating obtained. 
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1 1 -4. <Catalyst for curing> 

[0853] In addition to the above-described components, a catalyst for curing (IX-F) is employed in the curable resin 
composition of the present invention. For example, there may even contain a catalyst for curing (F 1 ) such as a qua- 

5 ternary ammonium salt to be usually employed for an esteriflcation reaction of an acid with an epoxide. As specific 
examples of other catalyst for curing (F 2 ) to be employed in the curable resin composition of the present invention, 
there are enumerated benzyltriethyl ammonium chloride or bromide, tetrabutyl ammonium chloride or bromide, salysi- 
late or glycolate, paratoluene sulphonate, nitrate, dibutyl phosphate, di-2-ethylhexyl phosphate, trimethylbenzyl am- 
monium dibutylphosphate, trimethylcetyl ammonium butylphosphate, octyl trimethyl ammonium dimethylphosphate, 

10 and dodecyltrimethyl ammonium diphenylphosphate, etc. These catalysts for curing may be even employed in mixing. 
[0854] The catalyst for curing (IX-F) can be usually employed in 0.01-3.0% by weight based on the total solid weight 
of resin composition, preferably 0.1-1.5% by weight, and more preferably 0.4-1.2% by weight. In the case that an 
amount of the catalyst for curing (IX-F) is less than 0.01% by weight, curability lowers and, in the case of exceeding 
3.0% by weight, storage stability lowers. 

15 

II-5. <Tin-based catalyst (IX-G)> 

[0855] Further, as described in JP-A-02151651 and JP-A-02279713 Official Gazettes, a tin-based compound may 
be even employed together therewith. As the tin-based catalyst (IX-G), for example, there are enumerated dimethyltin 

20 bis(methylmaleate), dimethyltin bis(ethylmaleate), dimethyltin bis(butylmaleate), and dibutyltin bis(butyfmaleate), etc. 
[0856] The tin-based compound (IX-G) can be usually employed in 0.2-6% by weight based on the total solid weight 
of resin composition, preferably 0.3-4.0% by weight, and more preferably 0.4-3.0% by weight. 
[0857] In the case that an amount of the tin-based compound (IX-G) to be employed is less than 0.2% by weight, 
storage stability lowers and, in the case of exceeding 6% by weight, weatherability lowers. 

25 [0858] In the case that the catalyst (IX-F) for curing is employed together with the tin-based catalyst (IX-G), weight 
ratio of the catalyst (IX-F) for curing with respect to the tin-based catalyst (IX-G) is preferably adjusted to 1/4-1/0.2. 

II-6. <Other additives (H) > 

30 [0859] In order to elevate water resistance by elevating crosslinking, a blocked isocyanate may be even added in 
the curable resin composition of the present invention. Further, in order to improve weatherability in a coating layer, 
there may be even added an ultraviolet ray absorbent and a hindered amine photostabilizer, and an antioxidant, etc. 
[0860] Still further, as a rheology controlling agent, a crosslinked resin particles (IX-E) may be added and, in order 
to control an outer appearance, a surface controlling agent may be even added. 

35 [0861] In the case that the crosslinked resin particles (IX-E) are employed, those are added in an amount of 0.01 -1 0 
parts by weight, preferably 0.1-5 parts by weight with respect to 100 parts by weight of solid resin of the curable resin 
composition of the present invention. In the case that the amount of the crosslinked resin particles (IX-E) exceed 10 
parts by weight, outer appearance becomes worse and, it is less than 0.01 part by weight, a rheology controlling effect 
is not obtained. 

40 [0862] Further, as a dilution agent in order to control a viscosity, there maybe even added an alcohol-based solvent 
(for example, methanol, ethanol, propanol, and butanol, etc.), a hydrocarbon-based and ester-based solvent, etc. 
[0863] Still further, the resin to be employed in the present invention has an acid group as a functional group. Ac- 
cordingly, by neutralization using an amine, it can be also changed to a water-based composition containing water as 
a medium. 

45 

III. <Coating composition and preparation of a coating layer> 

[0864] Method for the preparation of the coating composition of the present invention is not particularly limited and, 
there can be applied all methods which are well known in skilled person in the art. 
so [0865] The coating composition of the present invention can be coated by spray coating, brush coating, immersion 
coating, roll coating, and flow coating, etc. A substrate may be even optionally under-coated or middle-coated. As an 
under coating and a middle coating, publicly-known ones can be employed. 

[0866] The coating composition of the present invention can be advantageously employed for, for example, woods, 
metals, glass, cloth, plastics, and foams, etc., particularly, surface of the plastics and metals, for example, steels, 
55 aluminum, and an alloy thereof. In general, layer thickness changes depending upon desired uses. In many cases, it 
is useful in 0.5-3 mil. 

[0867] After coating onto the substrate, coating layer is cured. 

[0868] A cured coating layer having a high crosslinking degree is obtained at a curing temperature of 100-180°C, 
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S 8 |L h . a S2 fl ^ *' " iS preferab| y not more than 2 an °. ™ average value of n in the composition is 
not less than 0.3 and less than 1.0. 

[0882] However, since it is difficult to industrially separate and refine those, in order to decrease products having not 
less than 2 continuous chains, a feeding amount for reaction of the lactone such as e -caprolactone is decreased to 
^.T®. 1 W " h reSpeCt t0 1 m °' ° f the Po'V^rizable unsaturated monomers having carboxylic groups 
[0883] As the lactone monomers, there is preferred a lactone having 5, 6. 7, and 8-membered ring, for example e- 
caprolactone and/or varelolactone, etc. are enumerated. Further, in the case that e-caprolactone is employed as the 
lactones, other cycl.c lactones such as trimethylcaprolactone and varelolactone can be also partially employed in ad- 
dition to e-caprolactone. 

[0884] The polyester unsaturated monomer composition modified by a small amount of lactones in relation to the 
present invention Nos. 15-16 is obtained by separating and removing unreacted (meth)acrylic acid from a reaction 
mass. As a method for separating and removing the unreacted (meth)acrylic acid, there are enumerated distilling 
separate, neutralizing separation (further, water washing may be also conducted) by a basic substance and ion- 
exchanging separation, etc. 1 
[0885] As solvents to be employed in the present invention, there are enumerated solvents which do not react with 
the catalysts the lactones, and the polymerizable unsaturated monomers having carboxylic groups, and which include 
aromatic hydrocarbons such as benzene, toluene, and xylene. Further, it can be also prepared even in the absence 
or tne solvents. 

[0886] There is specifically illustrated below a method for the preparation of the polyester unsaturated monomer 
composition modified by a small amount of lactones of the present invention, in which the reaction is conducted by 
collechvely or cont.nuously adding the lactones under the presence of 0.01-1% by weight, preferably 0.03-0 5% by 
Tthl pm-t .! nd ' ° ptiona "* a P°'y™rization inhibitor such as hydroquinone. hydroquinone monomethyl- 

ether, BHT, and phenoth.az.ne at a reaction temperature of 40-1 50°C, and preferably 60-1 50°C based on 100 parts 
of the radically polymerizable unsaturated monomer having carboxylic group. 

reaction llSf*"** ^ emP '° yed concentration of . for example, 0-95% by weight (amount of solvents) in a 

[0888] In the polyester unsaturated monomer composition modified by a small amount of lactones prepared by the 
above-described method for the preparation of the present invention, residual amount of the lactones is 0-10% by 
weigh (hereinafter ; GPCaree %). content of the polyester unsaturated monomer modified by a small amountof lactones 
is no less than 20% by we.ght and not more than 50% by weight, content of a di(meth)acrylate which is a by-product 
is not more than 2% by weight, content of other by-products prepared by Michaels addition, acrylic polymerization 
estenficabon or other side reactions is not more than 10% by weight, content of the catalysts is less than 1000 ppm' 
and content of the polymerization inhibitors is not more than 1 %. 

[0889] The polyester unsaturated monomer composition modified by a small amount of lactones of the present in- 
vention can provide an acrylic polyol resin having an excellent reactivity with a crosslinking agent and rich flexibility by 
aflowing to copolymerize with other radically polymerizable monomers. Further, it is useful for synthesizing a flexible 
mult.funct.onal (meth)acrylate containing urethane bonds by allowing to react with polyisocyanates. Products prepared 
by the present invention can be utilized, in addition to the above-mentioned coating, as a material for a photocurable 
resin a reactive diluent for the photocurable resin, a flexibility agent for AS andABS resins, an acrylic resin, a pressure 
sensitive adhesive, a flexible lens for a glass, an acrylic emulsion (particularly, a reaction type), a flexible reactive 
m«on, fo ^ an K unsaturated Polyester resin instead of styrene. and a polymerizable polyurethane elastomer, etc. 
[0890] As the other radically polymerizable monomers to be copolymerized with the polyester unsaturated monomer 
compos.bon mod.fied by a small amount of lactones of the present invention, there are enumerated an isocyanate 
group-contained unsaturated monomer, a polymerizable monomer containing an active hydrogen, and other polymer- 
izable unsaturated monomers. K ' 

[0891] As the other polymerizable unsaturated monomers, the following ones are enumerated 
[0892] As (meth)acrylates, for example, there are enumerated alkyl or cycloalkyl(meth)acrylates having a carbon 
number of 1-20 such as methyl(meth)acrylate. ethyl(meth)acrylate. propyl(meth)acrylate. butyl(meth)acrylate, 2-ethyi- 
hexyl(meth)acrylate. octyl(meth)acrylate, iauryl(meth)acrylate, cyclohexyl(meth)acrylate, isobonyl(meth)acrylate ad- 
aman1yl(meth)acryrate; and alkoxvalkyl(meth)acrylates having a carbon number of 2-8 such as methoxybutyl(meth) 
acrylate. methoxyethyl(meth)acrylate, and ethoxybutyl(meth)acrylate. yimwnj 
[0893] As monomers other than the (meth)acrylates, for example, there are enumerated glycidyl(meth)acrylate- sty- 
rene. -methylstyrene, vinyltoluene, (meth)acrylonitrile, (meth)acrolein. butadiene, and isoprene, etc.. and these can 
be employed in mixing. 

[0894] As a polymerizable monomer containing an active hydrogen, there are enumerated (meth)acrylates containing 
rnoo^ f OUP " ( meth > ac rylates containing amino group, etc.. and these can be employed in mixing 
[0895] As the (meth)acrylates containing hydroxy! group, there are enumerated hydroxyalkyl(meth)acrylates having 
a carbon number of 2-8 such as hydroxyethyl(meth)acrylate and hydroxypropyl (meth)acrylate. etc.. and these can be 
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employed in mixing. 



these can be employed in mMng! ^ °'ethylam.noethyl(meth)acrylate : and (meth)acrylamide, etc., and 

nyl-o, a'-dimethy.benzy. isocyanaTe ^TSES5f532S^ '^natehexy! (meth)acr y .ate, m-isoprope- 
an unsaturated compound in which a 00^0^?. ^ -socyanate, etc., and there is enumerated 

poiymerizabie monomer con tain " 'J^ZZZ^. !° mP0Und SUCh as ^methylene diisocyanate is added to the 
Ployed in mixing. 9 hydr ° gen such as n y°roxyethyl(meth)acryiate., and these can be em- 

■SSSsr* monomers can be a,so emp,oyed in - « - 

erizable monomers by Pub.ic.y-kno^ above-described radica.iy po.ym- 

initiators. poiymenzation methods under the presence of radical polymerization 

Syd^e^ be •»•**- a peroxide initiator such as benzoy, peroxide 

hexanoate. and an ^SStSS^St ZSSESSl ^^^^^ and t-buty^ro^W 
[0901] As solvents to be emJTrtintoe^^ZSZ^^V^ azobisdim *"Wvaleronitrile. 
uene. and xylene; an ester-based ^^S^SS^S^ T T*' ^ enumerated "enzene. tol- 
an ether-based solvent such as dioxan an" ethy.eneg SStSSSSI^ "?? T*' Ce "° S ° ,Ve aC6tate: 
ylethylketone and methy.isobutylketone. etc and thes fS be e2SS , 9 ket0ne - based so,ve "' such as meth- 
[0902] As a reaction apparatus to be erne LZ in th*^ * em P'°y ed s °'s'y °r in mixing of two or more kinds, 
a reaction vessel equipped with StSf7Z£££^ 

[0903] Polymerizatior , temperature and n^!rl? f . 9 3 ,Ube for dryin 9 and a twin-screw extruder 
rated monomer woJ^ZS!^SSZSZ ofThe """t ^ 3 ^ ° f the P °* ester u " s *u- 
poiymerizabie monomers.feedingra .^3 k"na and amount of n T !" ^ 1,16 abov ^escnbed radically 

Hmtted, and are appropriately decid*^ 

in, for example, a coating layer aesired acrylic resin, for example, physical properties 

readiiy in an industrial fashion. SinceT fester unSeZI! ha ™9 -*oxy lic group in a short step and 

obtained has one radically poiymerizabie unSturated^ T7 m ° d,fied " y 3 Sma " amount of lact °nes 

a wide range utilization as a rawmater ia. or an WelS' , a ^ ox ^ c 9 rou P at a te ™i"a.. there can be expected 

material field, etc. V elevat,n 9 T 9 of the compos.t,on. and it is particularly useful in an electric 



<Examples> 



[0908, Hereinafter, aithough the present invention is iiiustrated by Examples, the present invention is not ,im«ed 
[0909, 't^obenotedmatintheExamp.es.pariando/.areai.basedontheweightsofaraspariicularlybeingdefmed. 



I and II. 
Example 1 



[0910, A four-necked flask equipped with a tube for suppiying air, a thermometer, a condenser, and an agitating 



74 



EP 1 227 113 A1 



device was charged with 2446 parts (18.8 mol) of 2-hydroxyethylmethacrylate (2-HEMA), 1610 parts (14.1 mol) of e- 
caprolactone (e-CL), 1.99 part of hydroquinone monomethylether (HQME) which is a polymerization inhibitor, and 0.199 
part of stannous chloride (SnCI 2 ) which is a reaction catalyst, followed by allowing to react at 100°C for 23 hour while 
streaming air. 

[091 1] Reaction ratio of -caprolactone was 99.4%, and color hue of a reaction product was 20 (APHA). 
[0912] An excellent acrylic polyol resin was obtained by copolymerization of a lactone-modified 2-hydroxyethylmeth- 
acrylate composition obtained with other monomers. 

Example 2 

[0913] A four-necked flask equipped with a tube for supplying air, a thermometer, a condenser, and an agitating 
device was charged with 2446 parts (18.8 mol) of 2-hydroxyethylmethacrylate (2-HEMA), 1610 parts (14.1 mol) of e- 
caprolactone (e-CL), 1 .99 part of hydroquinone monomethylether (HQME) which is a polymerization inhibitor, and 0.795 
part of monobutyltin tris-2-ethylhexanate which is a reaction catalyst, followed by allowing to react at 100°C for 6.5 
hour while streaming air. Reaction ratio of e-caprolactone was 99.3% (cf. Table 2), and color hue of a reaction product 
was 20 (APHA). 

[091 4] An excellent acrylic polyol resin was obtained by copolymerization of a lactone-modified 2-hydroxyethylmeth- 
acrylate composition obtained with other monomers, (cf. Example 5) 

Example 3 

[0915] A four-necked flask equipped with an tube for supplying air, a thermometer, a condenser, and an agitating 
device was charged with 2446 parts (18.8 mol) of 2-hydroxyethylmethacrylate (2-HEMA), 1073 parts (9.4 mol) of e- 
caprolactone (e-CL), 1 .72 part of hydroquinone monomethylether (HQME) which is a polymerization inhibitor, and 0.690 
part of monobutyltin tris-2-ethylhexanate which is a reaction catalyst, followed by allowing to react at 1 00°C for 7 hour 
while streaming air. Reaction ratio of e -caprolactone was 99.6%, and color hue of a reaction product was 30 (APHA). 
[091 6] An excellent acrylic polyol resin was obtained by copolymerization of a lactone-modified 2-hydroxyethylmeth- 
acrylate composition obtained with other monomers (cf. Example 6). 

Example 4 

[0917] The same apparatus as in the Example 1 was charged with 504 parts (3.8 mol) of 2-hydroxyethylacrylate 
(2-HEA), 248 parts (2.2 mol) of e-caprolactone, 0.368 part of hydroquinone monomethylether (HQME) which is a po- 
lymerization inhibitor, and 0.148 part of monobutyltin tris-2-ethylhexanate, followed by allowing to react at 100°C for 7 
hour while streaming air. Reaction ratio of e-caprolactone was 99.3%, and color hue of a reaction product was 25 
(APHA). 

[091 8] An excellent acrylic polyol resin was obtained by copolymerization of a composition obtained with other mon- 
omers (cf. Example 5). 

Comparative Example 1 

[0919] The same apparatus as in the Example 1 was charged with 2446 parts (18.8 mol) of 2-hydroxyethylmethacr- 
ylate, 2146 parts (18.8 mol) of e-caprolactone, 2.25 part of hydroquinone monomethylether which is a polymerization 
inhibitor, and 0.900 part of monobutyltin tris-2-ethylhexanate which is a reaction catalyst, followed by allowing to react 
at 100°C for 8 hour while streaming air. Reaction ratio of e-caprolactone was 99.0%, and color hue of a reaction product 
was 25 (APHA). 

[0920] An excellent acrylic polyol resin was obtained by copolymerization of a lactone-modified 2-hydroxyethylmeth- 
acrylate composition obtained with other monomers (cf. Comparative Example 7). 

Comparative Example 2 

[0921] The same apparatus as in the Example 1 was charged with 799 parts (6.1 mol) of 2-hydroxyethylmethacrylate, 
701 parts (6.1 mol) of e-caprolactone, 0.735 part of hydroquinone monomethylether, and 0.147 part of tetrabutyltitanate 
(TBT), followed by allowing to react at 100°C for 64 hour while streaming air. Reaction ratio of -caprolactone was 
99.6%, and color hue of a reaction product was 50 (APHA). 

[0922] It was not able to obtain an acrylic polyol resin by the same copolymerization of a composition obtained with 
other monomers as in Example 5 because of an increased viscosity during reaction, and then gelation. 
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Comparative Example 3 

[0923] The same apparatus as in the Example 1 was charged with 1816 parts (14.0 mol) of 2-hydroxyethylmethacr- 
ylate, 3184 parts (27.9 mol) of e-caprolactone, 2.50 part of hydroquinone monomethylether, and 1.00 part of monobutyl- 
5 tin tris-2-ethylhexanate, followed by allowing to react at 1 00°C for 8.5 hour while streaming air, and reaction ratio of e- 
caprolactone was 99.2%, and color hue of a reaction product was 25 (APHA). 

[0924] An excellent acrylic polyol resin was obtained by copolymerization of a lactone-modified 2-hydroxyethylmeth- 
acrylate composition obtained with other monomers (cf. Comparative Examples 9 and 10). 

10 Comparative Example 4 

[0925] The same apparatus as in the Example 1 was charged with 1816 parts (14.0 mol) of 2-hydroxyethylmethacr- 
ylate, 4776 parts (41.8 mol) of e-caprolactone, 3.30 part of hydroquinone monomethylether, and 1 .32 part of monobutyl- 
tin tris-2-ethylhexanate, followed by allowing to react at 100°C for 8 hour while streaming air, and reaction ratio of e- 
15 caprolactone was 99.2%, and color hue of a reaction product was 25 (APHA). 

[0926] An excellent acrylic polyol resin was obtained by copolymerization of a lactone-modified 2-hydroxyethylmeth- 
acrylate composition obtained with other monomers (cf. Comparative Example 11). 

Comparative Example 5 

20 

[0927] The same apparatus as in the Example 1 was charged with 1816 parts (14.0 mo!) of 2-hydroxyethylmethacr- 
ylate, 6364 parts (55.8 mol) of e-caprolactone, 4.10 part of hydroquinone monomethylether, and 1 .64 part of monobutyl- 
tin tris-2-ethylhexanate, followed by allowing to react at 1 00°C for 8.5 hour while streaming air, and reaction ratio of e- 
caprolactone was 99.2%, and color hue of a reaction product was 30 (APHA). 
25 [0928] It is to be noted that theoretical addition mol number of E-caprolactone in the Examples and Comparative 
Examples is as follows. 

[0929] Example 1: n=0.75, Example 2: n=0.75, Example 3: n=0.50, Example 4: n=0.50, Comparative Example 1: 
n=1 , Comparative Example 2: n=1 , Comparative Example 3: n=2, Comparative Example 4: n=3, Comparative Example 
5: n=4 

30 [0930] Product having n=0.5, product having n=0.75, product having n=1, product having n=2, and product having 
n=3 product having n=4 are shown as FM0.5. FM0.75, FM1, FM2, FM3, and FM4, respectively. 
[0931] It is to be noted that FM shows a methacrylic acid series, and FA shows an acrylic acid series. 
[0932] Table 1 and Figure 1 show an E-caprolactone continuous chain distribution in the compositions obtained from 
GPC, and % is GPC area %. 



35 

[Table 1] 





CLM 


0 


1 


2 


3 


^4* 


>5 


0-^4 


MV/Mn 


i=2 (%) 


S3 




numbers 


(HEMA) 


















(%) 


40 


Reference 


27.0 


36.7 


24.3 


9.5 


2.5 




100.0 


1.27 


36.3 


12.0 


Example 1 
Reference 


26.3 


36.3 


24.5 


9.6 


3.3 




100.0 


1.24 


37.4 


12.9 




Example 2 
Reference 


38.2 


38.3 


17.7 


4.8 


1.0 




100.0 


1.21 


23.5 


5.8 


45 


Example 3 
Reference 
Example 4 


35.1 


39.5 


19.0 


5.2 


1.1 




100.0 


1.22 


25.4 


6.4 




Reference 


19.9 


28.3 


26.9 


15.4 


9.5 




100.0 


1.30 


51.8 


24.9 


50 


Comparative 
Example 1 
Reference 
Comparative 
Example 3 


6.2 


16.7 


25.9 


23.2 


15.7 


12.3 


87.7 


1.28 


77.1 


51.2 



* In the case that a peak by addition number of CLM of not less than 5 in small and cannot be separated from a peak having number 4, it is shown 
by 4. In the Comparative Example 2, it was not able to conduct a measurement because of gelation. 
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[Table 1] (continued) 



CLM 
numbers 


0 

(HEMA) 


1 


2 


3 


^4* 


>5 


0-^4 


MV/Mn 


^2 (%) 


§=3 
(%) 


Reference 


3.1 


8.1 


17.0 


21.9 


20.7 


29.3 


70.7 


1.28 


88.8 


71.8 


Comparative 






















Example 4 






















Reference 


1.4 


3.9 


9.9 


16.4 


19.6 


48.9 


51.1 


1.26 


94.8 


84.9 


Comparative 






















Example 5 























10 



* In the case that a peak by addition number of CLM of not less than 5 in small and cannot be separated from a peak having number 4, it is shown 
by 4. In the Comparative Example 2, it was not able to conduct a measurement because of gelation. 



15 



[0933] Tables 2 and 3 collectively show a reaction composition, reaction conditions, and characteristics of reaction 
products in the Examples 1-4 and Comparative Examples 1-5. 



(Table 2] 



20 



25 



30 



35 





Reference Example 




1 


2 


3 


4 


Reaction Composition 










2-HEMA (mol) 


1 


1 


1 




2-HEA 








1 


e-CL 


0.75 


0.75 


0.5 


0.5 


HQME (ppm) 


500 


500 


500 


500 


SnCI 2 (ppm) 


50 








MBTTH (ppm) 




200 


200 


200 


TBT (ppm) 










Reaction Conditions 










Reaction Temperature (°C) 


100 


100 


100 


100 


Reaction Time of period (hrs) 


23 


6.5 


7.0 


7.0 


Characteristics of Reaction Product 










e-CL reaction ratio (%) 


99.4 


99.3 


99.6 


99.3 


Hydroxyl group value (mgKOH/g) 


260 


262 


296 


300 


Acid value (mgKOH/g) 


3.6 


3.5 


4.0 


3.7 


Color Hue (APHA) 


20 


20 


30 


25 


Ethyleneglycol dimethacrylate 


0.65 


0.70 


0.85 


1.10 


or Ethyleneglycol diacrylate (%) 










[* MBTTH :Monobutyltin tris-2-ethylhexanoate] 



45 



50 



55 



[Table 3] 





Reference Comparative Example 


1 


2 


3 


4 


5 


Reaction Composition 












2-HEMA (mol) 


1 


1 


1 


1 


1 


2-HEA 












e-CL 


1.0 


1.0 


2.0 


3.0 


4.0 


HOME (ppm) 


500 


500 


500 


500 


500 


SnCI 2 (ppm) 












MBTTH (ppm)* 


200 




200 


200 


200 
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[Table 3] (continued) 





Reference Comparative Example 




1 


2 


3 


4 


5 


Reaction Composition 












TBT (ppm) 




100 








Reaction Conditions 












Reaction Temperature (°C) 


100 


100 


100 


100 


100 


Reaction Time of period (hrs) 


8.0 


6.4 


8.5 


8.0 


8.5 


Characteristics of Reaction Product 












8-CL reaction ratio (%) 


99.0 


99.6 


99.2 


99.2 


99.2 


Hydroxyl group value (mgKOH/g) 


223 


225 


153 


116 


94 


Acid value (mgKOH/g) 


3.7 


3.7 


2.7 


2.0 


1.7 


Color Hue (APHA) 


25 


50 


25 


25 


30 


Ethyleneglycol dimethacrylate 


0.35 


3.96 


0.28 


0.20 


0.15 


or Ethyleneglycol diacrylate (%) 













Example 5 



[0934] A four-necked flask equipped with a thermometer, a reflux condenser, a tube for supplying nitrogen gas, and 
an agitator was charged with 50 parts of butyl acetate, 50 parts of toluene, and 1 .0 part of ditertiarybutyl peroxide 
(DTBPO), followed by elevating a temperature to 115°C. At a period having attained to 115°C, there were added 
dropwise 17.3 parts of styrene, 17.3 parts of butylmethacrylate, 17.3 parts of butylacrylate, 2.0 parts of methacrylic 
acid, 46 parts of the e-caprolactone-modified 2-hydroxyethylmethacrylate composition synthesized in the Example 2, 
0 part of 2-hydroxyethylmethacrylate, and 1 .0 part of azobisisobutylnitrile over 3 hours, followed by continuing a reaction 
for 4 hours to obtain an excellent acrylic polyol resin transparent liquid (a-1). Table 4 and Table 5 show composition of 
raw materials and characteristics of the resin solution, and Table 6 and Figure 2 show a relationship between feeding 
ratio of e-caprotactone/HEMA and a continuous chain distribution of e-caprolactone. 



Example 6 and Comparative Examples 6-11 

[0935] In the same apparatus and formulating conditions as in the Example 5, there were polymerized the e-capro- 
lactone-modified acrylate compositions obtained in the Example 3 and Comparative Examples 1-4 and HEMA. Although 
it was able to obtain an excellent acrylic polyol resin transparent liquid from the monomers obtained in the Example 3 
and Comparative Examples 3 and 4, in the case of the monomer obtained in the Comparative Example 2, since a 
reaction liquid caused a viscosity increase and gelation during polymerization, it was not able to obtain a resin solution. 
[0936] Table 4 and Table 5 show composition of raw materials and characteristics of the resin solution in the respective 
Examples and Comparative Examples, and Table 6 and Figure 2 show a relationship between feeding ratio of e-capro- 
lactone/HEMA and a continuous chain distribution of E-caprolactone. 



[Table 4] 





Reference Example 


Reference Comparative Example 


5 


6 


6 


7 


8 


9 


10 


11 


Raw Material fed 


















Butyl acetate 


50 


50 


50 


50 


50 


50 


50 


50 


Toluene 


50 


50 


50 


50 


50 


50 


50 


50 


DTBPO 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


Styrene 


17.3 


19 


23.3 


15 


17 


7.0 


15.8 


16.3 


Methyl methacrylate 


17.3 


19 


23.3 


15 


17 


7.0 


15.8 


16.3 


Butyl methacrylate 


17.3 


19 


23.3 


15 


17 


7.0 


15.8 


16.3 


Methacrylic acid 


2.0 


2.0 


2.0 


2.0 


2.0 


2.0 


2.0 


2.0 
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[Table 4] (continued) 



5 





Reference Example 


Reference Comparative Example 




5 


6 


6 


7 


8 


9 


10 


11 


Raw Material fed 


















E-caprolactone-modified 


Reference Example 


HEMA 


Reference Comparative Example 


acrylic monomer 


2 


3 


used 


1 


1 


3 


3 


4 




46 


41 


0 


53.3 


53.3 


77 


35.6 


29.2 


HEMA 


0 


0 


28 


0 


9.1 


0 


15 


20 


AIBN 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 



is [Table 5] 



25 





Reference Example 


Reference Comparative Example 


5 


6 


6 


7 


8 


9 


10 


11 


Acrylic poyol resin solution 


a-1 


a-2 


RA-1 


RA-2 


RA-3 


RA-4 


RA-5 


RA-6 


Characteristics of Acrylic poyol resin solution 


Solid content (%) 


50.1 


51.1 


50.0 


50.0 


50.6 


50.5 


50.3. 


51.1 


Viscosity (cp 25°C) 


650 


1210 


550 


560 


800 


750 


680 


1120 


Color hue (APHA) 


35 


35 


30 


30 


30 


30 


35 


35 


(based on solid) Acid value (mgKOH/g) 


15.8 


16.5 


16.2 


16.3 


16.2 


16.2 


15.8 


16.5 


(based on solid) Hydroxyl group value 


120 


123 


120 


118 


118 


121 


120 


120 


(mgKOH/g) 


















Tg (°C) 


6 


10 


22 


0 


5 


-19 


1 


2 



30 



[Table 6] 





e-caprolactone continuous chain Distribution ratio (%) 


ratio (%) 


Continuous chain number-* 


0 


1 


2 


3 


4 


i=5 


i=2 


Reference Example 
















5 FM0.75 


26.3 


36.3 


24.5 


9.6 


3.3 


0.0 


37.4 


6 FM0.5 


38.3 


38.3 


17.7 


4.8 


1.0 


0.0 


23.5 


Reference Comparative Example 
















6 HBMA 


100.0 














7 FM1 


19.9 


28.3 


26.8 


15.4 


9.5 


0.0 


51.8 


8 FM1+HEMA 


31.6 


24.2 


22.9 


13.2 


8.1 


0.0 


44.2 


9 FM2 


6.2 


16.7 


25.9 


23.2 


15.7 


12.3 


77.1 


10 FM2+HEMA 


34.0 


11.8 


18.2 


16.3 


11.0 


8.7 


54.2 


11 FM3+HEMA 


42.5 


4.8 


10.1 


13.0 


12.3 


17.4 


52.7 


* the above-described FM-Number shows the feed 


ng ratio of e-caprolactone/l- 


EMA. 



[0937] In HEMA, the continuous chain distribution of E-caprolactone is counted as 0. 

[0938] In the polymerization of the acrylic polyol resins, OHV was set up at 120 and Tg was set up at 0 - 10°C in the 
Examples 5 and 6 and Comparative Examples 7, 8, 9, and 10. As a result, it is confirmed that a proportion of a 1 mol 
adduct (n=1) of E-caprolactone is high in the Examples 5 and 6, and there becomes low a proportion of adducts in 
which 2 or more continuous chains of E-caprolactone are added, and there lowers hardness in a melamine-cured 
product from the acrylic polyol resin. 

[0939] In the case of employing a coating having a low proportion of the adducts in which 2 or more continuous 
chains of E-caprolactone are added, for example, as a top-coating material for cars, there can be obtained a coating 
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layer which is well-balanced among a hardness of a coating layer, a finishing outer appearance, weatherabiiity, acid 
resistance, staining resistance, gloss, flexibility, and abrasion resistance. 

Example III. 

5 

1 . Preparation of a clear coating 

[0940] A clear coating (series C) was prepared based on the formulation shown in Table III-7 described hereinafter. 
[0941] A comparative clear coating (series SC) was prepared based on the formulation shown in Table IH-7 described 
10 hereinafter. 

2. Preparation of a solid color coating 

[0942] Preparation of a solid color coating was conducted by adding titanium oxide to a mixture of a raw resin to be 
15 formulated with a melamine resin and dispersing by a motor mill (manufactured by Aiger Japan) for 30 minutes, and 
adding residual components to be formulated. A solid color coating (series S) was prepared based on the formulation 
shown in Table III-8 described hereinafter. A comparative solid color coating (series SR) was prepared based on the 
formulation shown in Table III— 8 described hereinafter. 

20 Evaluation of properties of a coating 

1 . Preparation of test pieces 

[0943] A test piece molded from a polyolefin-based resin (X50 manufactured by Mitsui Kagaku) which is a body to 
25 be coated was washed by isopropylalcohol, and washed by a petroleum benzine. 

2. Coating to a test piece 

(1) in the case of a clear coating 

30 

[0944] A primer (Primax No. 1500 manufactured by Nihon Yushi) was coated in 15 m on the test piece and dried, 
and Primax No. 5500 (manufactured by Nihon Yushi) was coated as a base coat coating. 

[0945] Subsequently, a clear coating prepared as hereinabove was diluted by a mixed thinner of xylene with Solvesso 
100 as adjusted to 16 seconds in Ford cup No. 4, followed by coating the clear coating onto the test piece in wet-on- 

35 wet by air-spraying so that a dried coating layer becomes 30p.m in the clear coating. After having placed for 1 0 minutes 
at a room temperature, it was dried by heating at 120°C for 30 minutes and 100°C for 30 minutes, and properties of 
the coating layer were measured after 24 hours. It is to be noted that a test in the case of coating a clear coating without 
using a primer is as follows. A base coat coating X was prepared as described below, and diluted by a thinner of 
toluene/ethyl acetate (weight ratio of 60/40) as adjusted to 13 seconds in Ford cup No. 4, followed by air-spraying so 

40 that a dried coating layer becomes 15u,m. Subsequently, a clear coating prepared as hereinabove was diluted by a 
mixed thinner of xylene with Solvesso 100 as adjusted to 16 seconds in Ford cup No. 4, followed by coating the clear 
coating onto the test piece in wet-on-wet by air-spraying so that a dried coating layer becomes 30p.m in the clear 
coating. After having placed for 10 minutes at a room temperature, it was dried by heating at 120°C for 30 minutes 
and 100°C for 30 minutes, and properties of the coating layer were measured after 24 hours. 

45 

Preparation of a base coat coating X> 

(a) Preparation of a grafted chlorinated polyolefin oligomer X having primary hydroxyl groups 

so [0946] A four-necked flask equipped with an agitating device, a thermometer, a tube for supplying an inert gas, a 
dropping funnel, and a reflux device was charged with 494 parts of toluene and 250 parts of Hardlene 14ML (a chlo- 
rinated polyolefin manufactured by Toyo Kasei: chlorine content of 26%) followed by temperature elevating to 100°C 
while agitating. Subsequently, there was added dropwise a mixture composed of 142 parts of Placcel FM-3, 104 parts 
of isobonylmethacrylate, 6 parts of benzoylperoxide, and 4 parts of azobisisobutyronitrile over 3 hours, and reaction 

55 was further continued for 6 hours to obtain a grafted chlorinated polyolefin oligomer X. 
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(b) Preparation of a base coat coating X 
[0947] Formulation was conducted as follows. 





Part 


Oligomer X 


249 


Super Bekkamine L-121-60 


50 


P-198 


9 


Butyl acetate 


15 


Xylene 


15 


Tinuvin 384 


3 


Tinuvin 123 


1.5 


Aluminum paste 


15 


Modaflow 


0.45 



(2) in the case of a solid color coating 

[0948] A primer was coated as being adjusted to the thickness of 15u.m as a dried coating layer on the test piece 
and dried, followed by diluting a solid color coating prepared as hereinabove by a mixed thinner of xylene with butyl 
acetate as being adjusted to 14 seconds in Ford cup No. 4, and followed by coating the clear coating onto the test 
piece by air spraying so that there becomes 30u.m a dried coating layer in the solid color coating. After having placed 
for 10 minutes at a room temperature, it was dried by heating at 120°C for 30 minutes and 100°C for 30 minutes, and 
properties of the coating layer were measured after 24 hours. 

2. Evaluation method of properties 



(1) Water resistance test 

[0949] A molded article coated was partially immersed in warm water at 50°C for 10 days. After having taken out, 
there was observed the presence or absence of adhesion and a blister. 

[0950] Herein, test pieces of many peeling or blisters were evaluated as x, test pieces of no peeling or slight blisters 
were evaluated as , and test pieces of no causing peeling and blisters were evaluated as O. 

(2) Gloss retention test 

[0951] There was conducted an accelerating weath era bility test by Sunshine-weatherometer (manufactured by Suga 
Shikenki), and there was measured a retention ratio (%) of a 60 -mirror surface glossiness after 1000 hours according 
to JIS K5400 (1979), and there was conducted an adhesion test according to JIS K5400 (1976) 6.15. Test pieces 
having the gloss retention ratio of not less tan 80% and excellent adhesion were evaluated as , test pieces having the 
gloss retention ratio of not less than 70 and less than 80% and excellent adhesion were evaluated as , and test pieces 
having the gloss retention ratio of less than 70% and peeling in adhesion test were evaluated as x. 



(3) Gasoline resistance 

[0952] A molded article coated was partially immersed in a regular gasoline (Nisseki Silver gasoline manufactured 
by Nihon Sekiyu) at 20°C. After having being taken out, a swelling property was visually evaluated. Test pieces showing 
remarkable swelling were evaluated as x, test pieces showing slight swelling were evaluated as , and test pieces not 
showing swelling so much were evaluated as O. 

(4) Acid resistance test 

[0953] 0.2 ml of 5%-sulfuric acid aqueous solution was dropped on a coating layer, followed by drying at 40°C for 
30 minutes and visually observing a condition of the coating layer. Test pieces showing a mark were evaluated as x, 
test pieces slightly showing a mark were evaluated as , and test pieces not showing a mark were evaluated as O. 
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(5) Solid content in a coating 

[0954] In a coating having a lower solid content, it is more difficult to prepare a thick coating layer. In the clear coating 
and solid color coating, a coating having not more than 30% of solid content was evaluated x, a coating having more 
than 30% and not more than 35% was evaluated as , a coating having not less than 35% and not more than 40% were 
evaluated as O, and a coating exceeding 40% were evaluated as© . 
[0955] Data of properties are collectively shown in Tables 1 1 1 -7 to III-8. 

Table 8 



Clear coating Example Comparative;. Example 

J . CI C2 C3 C4 SC-1 SC-2 SC-3 SC-4 SC-5 SC-6 

Formulation 

A-l 100 100 '* 

A-2 • 100 100 

Rirl 100 

RA-2 100 

RA-3 100 

RA-4 100 

RA-5 100 

100 



Superbekkamine L-121-60 


(Dainippca Ink Kagakn Kogyo) 














28 


28 


28 


28 


28 


28 


28 


28 


28 


28 


Tinuvin 384 (Cibs Geigy) 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


Sanol LS292 (Ciba Geigy) 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


Ajitol XL122 (Boecbst) 


0.4 


0.4 


0.4 


0.4 


0.4 


0.4 


0.4 


0.4 


0.4 


0.4 


P-198*(Dainippon Ink Kaj 


;aku 


Kogyo) 




















4 


4 


4 


4 


4 


4 


4 


4 


4 


4 


Xylol 


24 


24 


24 


24 


24 


24 


24 


24 


24 


24 


. Sonolebetts 100 (tern) 


40 


70 


70 


100 


70 


70 . 


70 


70 


70 


70 
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Table 8 (continued) 
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.• 

Note) P-198 is a mixed phosphate (manufactured by Dainippon Ink 
Kagaku Kogyo) composed of monobutyl phosphate and dibutyl 
phosphate. 

Note) "A" in a. type of a melamine resin means an imino type 

melamine resin. «B" in a type of a melamine resin means a 
methylol type melamine resin. 

Mn: Number average molecular weight 

Mw: Weight average molecular weight (hereinafter, the same also in 
Table 9) 

Table 9 



Solid color coating SI S2 S3 S4 BS-1 8S-2 BS-3 BSr4 8S-5 BS-6 
Formulation - • 

A-l 166 166 

A-2. 166 166 

RA-1. 166 

KA-2 1 66 

166 

KA-4 166 



RA-5 166 
BA-6 



166 



Superbekkamine 


66 


66 


66 


66 


66 


66 66 66 


66 66 


L-121-60 
















P-198 


6 


6 


6 


6 


6 


6 6 6 


6 6 


Butyl acetate 


120 


160 


160 


180 








Xylene 


160 


200 


200 


200 


200 






Tinuvin 3§4 


4 


4 


4 


4 


4 






Sanol' LS292 


2 


2 


2 


2 


.2 






C3M5 


100 














Modaflov (Monsant) 


0.6 
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balanced among hardness of the coating layer, outer appearance in finishing, weatherability, acid resistance, staining 
resistance, glossiness, and abrasion resistance in the case of employing products having a low proportion of two or 
more continuous chains of E-caprolactone as a material for a top coating in cars. 

5 Example IV. 

[0957] In the hydroxyalkyl(meth)acrylate composition modified by a small amount of lactones obtained in the Example 
I, the composition obtained in the Example 2 is designated as (a-1), the composition obtained in the Example 3 is 
designated as (a-2), and the composition obtained in the Example 4 is designated as (a-3). 
10 [0958] In the lactone-modified hydroxya!kyl(meth)acrylate composition obtained in the Comparative Examples of the 
Example I, the composition obtained in the Comparative Example 1 is designated as (a-V), the composition obtained 
in the Comparative Example 3 is designated as (a-2 1 ), the composition obtained in the Comparative Example 4 is 
designated as (a-3'), and the composition obtained in the Comparative Example 5 is designated as (a-4'). 

15 <Production of an acrylic polyol resin (A) solution> 

Production Example IV- 1 

[0959] A four-necked flask equipped with a thermometer, an agitator, a reflux condenser, an tube for supplying ni- 
20 trogen gas was charged with 30 parts of ethyleneglycol monobutylether, followed by elevating a temperature to 1 20°C 
and maintaining. 

[0960] In the flask, there was added dropwise a mixed solution of 31 parts of styrene, 21 parts of methylmethacrylate, 
19 parts of 2-ethylhexyl methacrylate, 15 parts of the composition (a-1), 10 parts of hydroxyethylmethacrylate, 4 parts 
of acrylic acid, and 10 parts of 2,2-azobisisobutyronitrile which is a polymerization initiator over 3 hours. After that, 
25 aging was conducted at 1 20°C for 1 hour and, subsequently, there was added dropwise a mixed liquid of 1 part of 2,2- 
azobisisobutyronitrile which is an additional polymerization catalyst and 10 parts of ethyleneglycol monobutylether over 
1 hour, aging was further conducted for 3 hours to obtain an acrylic polyol resin (A-1) solution having a solid content 
of approximately 71 %. 

[0961] In the resin (A-1) obtained, an acid value was 30, a weight average molecular weight (by GPC, hereinafter, 
30 the same) was approximately 9,500, and a glass transition temperature was 45°C. 

Production Examples IV-2 to IV-3 

[0962] The same procedures were conducted as in the Production Example IV-1, except that the composition (a-1) 
35 to be added dropwise was changed to the composition (a-2) or the composition (a-3) to obtain an acrylic polyol resin 
(A-2) solution or (A-3) solution. 

Production Examples IV-4 to IV-7 (for references) 

40 [0963] The same procedures were conducted as in the Production Example IV-1 , except that the composition (a-1) 
to be added dropwise was changed to 2-hydroxyethylmethacrylate (HEMA) or the (a-V)-(a-4') in the Reference Com- 
parative Examples to obtain acrylic polyol resin (A-1XA-4') solutions for references. 

Production Example IV-8 

45 

Production Example of other acrylic resin (A#) solution 

[0964] A four-necked flask equipped with a thermometer, an agitator, a reflux condenser, an tube for supplying ni- 
trogen gas was charged with 30 parts of ethyleneglycol monobutylether, followed by elevating a temperature to 90°C 
50 and maintaining. 

[0965] Into the flask, there was added dropwise a mixed solution of 35 parts of n-butylacrylate, 30 parts of 2-ethylhexyi 
methacrylate, 30 parts of N-n-butoxymethylmethacrylic amide, and 5 parts of acrylic acid, and 6 parts of benzoyl per- 
oxide which is a polymerization initiator over 3 hours. After that, aging was conducted at 90°C for 5 hour to obtain an 
acrylic resin (A#) solution having a solid content of approximately 77%. In the acrylic resin (A#) obtained, an acid value 
55 was 39, a weight average molecular weight was approximately 10,000, and a glass transition temperature was -21°C. 
[0966] Table IV-7 shows formulation ratio in the Production Examples IV-1 to IV-7 and physical properties of the 
resins obtained. 

[0967] Table IV-8 shows formulation ratio in the Production Example IV-8 and physical properties of the resins ob- 
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tained. 

[0968] It is to be noted that the physical properties were measured according to the following methods. 

[0969] Acid value in the resins: Sample was dissolved in a mixed solution of ethanol and toluene, and it was measured 

by a neutralizing titration of 0.1 N solution of potassium hydroxide-ethanol using phenolphthalein as an indicator. 

5 [0970] Weight average molecular weight: It was measured according to JIS K0 124-83. Using TSK GEL 
G4000+G3000+G2500+G2000 (manufactured by Toyo Soda, Ltd.) as a column for separation, a measurement was 
conducted at 40°C and a flow rate of 1.0 mm/minute, and it was calculated by a calibration curve prepared by a chro- 
matogram obtained by an Rl refractometer and a standard Polystyrene using tetrahydrofran for GPC as an eluate. 
[0971] Glass transition temperature (Tg point): Using a differential scanning calorimeter DSC-50Q (Shimadzu Sei- 

10 sakusyo, Ltd.), it was measured from thermal spectra obtained in temperature elevation rate of 5°C/minute. 
[0972] In the following Tables, IV is omitted. 



Production No. 


1 


2 


3 


4 


5 


6 


7 


Mixed solution added dropwise 
















Acrylic poyol resin 


A-1 


A-2 


A-3 


A-4 


A-5 


A-6 


A-7 


2-ethylhexylmethacrylate 


19 


<— 


<— 


<— 


<— 






Lactone-modified methacrylate 


a-1:15 


a-2: 15 


a-3: 15 




a-1': 15 


a-2': 15 


a-3': 15 


2-hydroxyethyfmethacrylate 


10 


<- 


<— 


25 


<— 


<— 


<— 


Acrylic acid 


4 


«— 


<— 


<— 


<— 


<— 


<— 


Styrene 


31 


<— 


<— 


<— 


<r~ 


4— 


<r- 


Methylmethacrylate 


21 


<— 


<— 


<— 


<— 


<— 


<— 


2,2'-azobisisobutylnitrile 


1 




<— 


<— 


<— 




<— 


Physical properties 
















Resin acid value 


31 


31 


32 


33 


30 


30 


31 


Weight average molecular weight 


8500 


9000 


8700 


9000 


8800 


8600 


9000 


Glass transition temperature (°C) 


47 


45 


43 


50 


42 


40 


39 



Production No. 


8 


Mixed solution added dropwise 




Acrylic resin 


A# 


N-butoxymethylacryiate 


30 


Acryli acid 


5 


2-ethylhexylmethacrylate 


30 


N-butylacrylate 


35 


Benzoyl peroxide 


6 


Physical properties 




Resin acid value 


40 


Weight average molecular weight 


8500 


Glass transition temperature (°C) 


47 



[Example IV-1] 

[0973] 3.1 parts (amount corresponding to 1.0 mol with respect to 1 mol of carboxylic group in the acrylic resin) of 
N,N-dimethyiaminoethanol was added to 70 parts of the acrylic polyol resin (A-1) solution having a solid content of 
approximately 71% obtained in the Production Example IV-1 and 13 parts of the acrylic resin (A#) solution having a 
solid content of approximately 77% obtained in the Production Example IV-8, followed by uniformly mixing at 50°C 
and, followed by adding 50 parts of Nikalak N-6215 (a methyletherized methylolmelamine-benzoguanamine co- 
condensed resin manufactured by Sanwa Chemical, Ltd.) as an aminoplasto resin (IV-B) and 0.7 part of Nacure (Na- 
cure) 5225 (a curing catalyst manufactured by King Industries, Ltd., USA). After having sufficiently mixed at 30°C, 
deionized water was gradually added to prepare a water-based coating having a solid content of approximately 40%. 
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[Examples IV-2 to IV-3] and [Comparative Examples IV-1 to IV-4] 

[0974] The same procedures were conducted as in the Example IV-1, except that respective acrylic polyol resin 
solutions, aminoplasto resin (IV-B), and formulation amount (solid content) of the resins were changed as shown in 
5 Table IV-9, and amount of N.N-dimethylaminoethanol were changed to an amount corresponding to 1 .0 mol with respect 
to 1 mol of carboxyiic group in the acrylic resin to be employed to prepare a water-based coating. 

Preparation of a test plate to be coated > 

10 [0975] A commercially supplied ink was coated on an aluminum plate having the thickness of 0.3 mm, and respective 
water-based coatings obtained in the Examples and Comparative Example were coated by wet-on-wet so that thickness 
of a coating layer becomes 5 m after having dried, subsequently, baking was conducted for 90 seconds at a condition 
in which a maximum temperature being capable of attaining in materials becomes 200°C to obtain a coated plate. It 
is to be noted that it was not able to coat the coatings in the Comparative Example 2 and Comparative Example 9 

15 because of a high viscosity. 

[0976] In relation to thus-obtained coated plate, there were tested physical properties of the coating layer and a wet 

Ink-adaptability. Test results are shown in Table IV-9. 

[0977] Tests were conducted according to the methods described below. 

[0978] Pencil Hardness: A pencil scratch test regulated in JIS K5400 8. 4.2 (1990) was conducted on the coated 
20 plate, and evaluated by scratches. 

[0979] Retort resistance: A coated plate was immersed in a deionized water. A whitening condition of the coated 
layer and the pencil hardness were checked after having treated for 30 minutes at 125°C in an autoclave. 
[0980] The whitening condition of the coated layer was visually evaluated according to the following rules. 

25 @ : quite no whitened 

Q slightly whitened 
: very whitened 
x: whitened at all surface 

30 [0981] After the coated plate was pulled up from water and placed in warm water of 80°C for 3 minutes, the pencil 
scratch test was conducted in warm water of 80°C according to JIS K-5400 8. 4. 2 (1990), and the coated layer was 
evaluated by scratches. 

[0982] Processabiiity: Test in relation to the coated plate was conducted at conditions of drop weight of 300 g, an 
edge diameter in a striking pin of 1/2 inch, and drop height of 20 cm according to a Dupon't style impact test by JIS 
35 K5400 8.4.2(1 990). Cracks of the coated layer were visually observed at an impact portion and a periphery thereof. 

© : Cracks are not observed. 
O: Cracks are slightly observed. 
: Cracks are very observed at an impact portion. 
40 x: Cracks are very observed also at a periphery of an impact portion. 

[0983] Adhesion: 100 pieces of cross-hatches of 1 mm x 1 mm were made on the coated plate according to a cross- 
hatched test by JIS K-5400 8. 5. 2 (1990), and a cellophane tape was stuck on the surface, and it was evaluated by 
counting the number of the cross-hatches remained after having abruptly stripped. 
45 [0984] 1 00 means that the coated layer was not stripped at all. 

[0985] Wet ink adaptability: Finishing outer appearance of the coated plate was observed. 

© : Ink does not blur, and does not become dim. 
x: Ink blurs, 

50 

and becomes dim. 



[Table IV-9] 



55 



Example No. 


1 


2 


3 


4 


5 


6 


7 


Acrylic poyol resin 


A-1 


A-2 


A-3 


A-r 


A-2' 


A-3' 


A-4' 


amount 


50 


<- 


<— 




<— 


<- 


«— 
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[Table IV-9] (continued) 



Example No. 


1 


2 


3 


4 


c 
o 


o 


f 
i 


Acrylic poyol resin 


A-1 


A-2 


A-3 


A-r 


A-2' 


A-3' 


A-4' 


Acrylic resin 


A# 


<— 


«— 


<— 


<— 


<— 


<— 


amount 


10 


<— 


<— 


<— 


<— 


<— 


<— 


Amino plasto resin 
















Nikalak-N-6215 


40 




<— 


<— 


<— 


<— 




Properties of coating layer 
















Pencil hardness 


4H 


4H 


4H 


4H 


3H 


2H 


2H 


Retort property: whitening 


® 


® 


® 


® 


O 


O 


A 


Pencil hardness 


2H 


2H 


2H 


2H 


H 


HB 


B 


Processability 


O 


® 


® 


A 


® 


® 


® 


Adhesion 


100 


100 


100 


80 


100 


100 


100 


Wet ink adaptability 


® 


® 


® 


A 


® 


® 


® 



[0986] It is confirmed that the melamine-curable water-based coating composition is excellent in physical properties 
20 of the coating layer and wetting adaptability, which is composed of an acrylic polyol resin (A) obtained using the above- 
described hydroxyethyl(meth)acrylate composition (a) modified by a small amount of lactones and the aminoplasto 
resin (IV-B). 

Example V 

25 

1. Preparation of a coating 

[0987] In a coating (C series) and a comparative coating (SC series), there were employed a resin (A-1) obtained in 
Reference Example 5 and a resin (A-2) obtained in Reference Example 6 which are shown in Table 5, and respective 
30 resins (RA-1)-(RA-6) obtained in Comparative Reference Examples 6-11. 

[0988] These acrylic polyol resins (A-1)-(RA-6) were formulated with the following substances to obtain a coating. 





part 


Acrylic polyol resin 


100 


Super Bekkamine L-121-60 


28 


P-198 


9 


Butyl acetate 


15 


Xylene 


15 


Tinuvin 384 


3 


Tinuvin 123 


1.5 


Modaflow 


0.45 



[0989] In the above descriptions, P-198 (manufactured by Dainippon Ink, Ltd.) is a mixture of monobutyl phosphate 
with dibutyl phosphate. 

[0990] A white enamel base was obtained by kneading for 60 minutes in a sand mill based on the above-described 
formulation, and an acrylic urethane coating was prepared by formulating a desired amount of a curing agent. 

so 

2. Formulation of a multi-layered type elastic acrylic emulsion coating 



[0991] 





part 


Boncoat 3663 
Demor EP (Kao Atlas) 


432.0 
6.0 
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(continued) 





part 


Ethyleneglycol (Mitsubishi Kagaku) 


4 


3 


Adekanate B-187 (Asahi Denka) 


13 


0 


Celltop HP-103 (Teikoku Kako) 


4 


3 


Calcium carbonate NS-100 (Nitto Funka) 


380 


5 


ASP-600 (ENGEL HARD) 


67 


7 


Taipe R-550 (Ishihara Sangyo) 


13 


0 


5% Highmetrose 90SH-1500 (Shin-etsu Kagaku) 


28 


9 


Adekanol UH-420 (Asahi Denka) 


2 


7 


water 


47 


6 


Total 


1,000.0 



Evaluation of properties of a coating 

1 . Preparation of a test piece 

20 

[0992] As a test piece, a test piece molded from a polyolefin-based resin (X50 manufactured by Mitsui Kagaku) was 
washed by isopropylalcohol, and washed by a petroleum benzine. 

2. Coating onto a test piece 

25 

[0993] 

(1) A primer (Primax No. 1500 manufactured by Ninon Yushi) was coated in 15u.m onto the test piece and dried, 
and Primax No. 5500 (manufactured by Nihon Yushi) was coated as a base coating. 

30 

[0994] Subsequently, a clear coating prepared as hereinabove was diluted by a mixed thinner of xylene and Solvesso 
100 as being adjusted to 16 seconds in Ford cup No. 4, followed by coating the clear coating onto the test piece in 
wet-on-wet by air-spraying so that a dried coating layer becomes 30u,m in the clear coating. After having placed for 10 
minutes at a room temperature, it was dried by heating at 1 20°C for 30 minutes and 1 00°C for 30 minutes, and properties 
3 5 of the coating layer were measured after 24 hours. It is to be noted that a test in the case of coating a clear coating 
without using a primer is as follows. A base coat coating X was diluted by a thinner of toluene/ethyl acetate (weight 
ratio of 60/40) as being adjusted to 13 seconds in Ford cup No. 4, followed by air-spraying so that a dried coating layer 
becomes 15ujt». 

[0995] Subsequently, respective coatings prepared as hereinabove were diluted by a mixed thinner of xylene and 
40 Solvesso 100 as being adjusted to 16 seconds in Ford cup No. 4, followed by coating the clear coating onto the test 
piece in wet-on-wet by air-spraying so that a dried coating layer becomes 30u,m in the clear coating. After having placed 
for 10 minutes at a room temperature, it was dried by heating at 120°C for 30 minutes and 100°C for 30 minutes, and 
properties of the coating layer were measured after 24 hours. 

45 Preparation of a base coat coating X 

(a) Preparation of a grafted chlorinated polyolefin oligomer X having a primary hydroxy! group 

[0996] A four-necked flask equipped with an agitating device, a thermometer, an tube for supplying an inert gas, a 
50 dropping funnel, and a reflux device was charged with 494 parts of toluene and 250 parts of Hardlene 14ML (a chlo- 
rinated polyolefin manufactured by Toyo Kasei : chlorine content of 26%), followed by temperature elevating to 100°C 
while agitating. Subsequently, there was added dropwise a mixture composed of 142 parts of Placce! FM-3, 104 parts 
of isobonylmethacrylate, 6 parts of benzoylperoxide, and 4 parts of azobisisobutyronitrile over 3 hours, and reaction 
was further continued for 6 hours to obtain the above-described grafted chlorinated polyolefin oligomer X. 

55 

(b) Preparation of a base coat coating X 
[0997] Formulation was conducted as follows. 
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10 



20 



25 



30 



40 



50 



55_ 





Part 


Oligomer X 


249 


Super Bekkamine L-121-60 


50 


P-198 


9 


Butyl acetate 


15 


Xylene 


15 


Tinuvin 384 


3 


Tinuvin 123 


1.5 


Aluminum paste 


15 


Modaflow 


0.45 



1S 2. Evaluation method of properties 
(1) Water resistance test 



[0998] A molded article coated was partially immersed in warm water at 50°C for 10 days. After having taken out, 
there was observed the presence or absence of adhesion and a blister. 

[0999] Herein, test pieces having many peeling or blisters were evaluated as x, test pieces not having peeling or 
having slight blisters were evaluated as , and test pieces not causing peeling and blisters were evaluated as O. 

(2) Gloss retention test 

[1 000] There was conducted an accelerating weatherability test by Sunshine-weatherometer (manufactured by Suga 
Shikenki), there was measured a retention ratio (%) of a 60 -mirror surface glossiness after 1000 hours according to 
JIS K5400 (1979), and there was measured an adhesion test according to JIS K5400 (1976) 6.15. Test pieces having 
gloss retention ratio of not less tan 80% and excellent adhesion were evaluated as O, test pieces having gloss retention 
ratio of not less than 70 and kess than 80% and excellent adhesion were evaluated as , and test pieces having gloss 
retention ratio of less than 70% and peeling in adhesion test were evaluated as x. 

(3) Gasoline resistance 

[1001] A molded article coated was partially immersed in a regular gasoline (Nisseki Silver gasoline manufactured 
by Nihon Sekiyu) at 20°C. After having taken out, a swelling property was visually evaluated. Test pieces showing 
remarkable swelling were evaluated as x, test pieces showing slight swelling were evaluated as , and test pieces not 
showing swelling so much were evaluated as O. 

(4) Acid resistance test 

[1002] 0.2 ml of 5%-sulfuric acid aqueous solution was dropped on a coating layer, followed by drying at 40°C for 
30 minutes and visually observing a condition of the coating layer. Test pieces showing marks were evaluated as x, 
test pieces slightly showing marks were evaluated as , and test pieces not showing marks were evaluated as O. 

(5) Solid content in a coating 

[1003] In a lower solid content in a coating, it is more difficult to prepare a thick coating layer. In the clear coating 
and solid color coating, a coating having not more than 30% of solid content was evaluated x, a coating having not 
less than 30 and not more than 35% were evaluated as A, a coating having not less than 35 and not more than 40% 
were evaluated as O, and a coating exceeding 40% were evaluated as© . 

(6) Pot life 

[1004] It was measured according to JIS K5400 (1999) 4.9. 

[1005] Physical properties of a coating layer were measured as follows. 

[1006] Coating: An acrylic urethane coating obtained was diluted by a solvent of xylene/butyl acetate=60/40 to a 
viscosity being capable of coating, and spray-coated onto respective base materials so that layer thickness becomes 
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70-75u.m after drying. Curing for drying was conducted by placing at a room temperature for 2 weeks. 

(7) Extension, tensile strength test: 

[1007] An acrylic urethane coating as prepared hereinabove was coated on an acrylic emulsion dried coating layer 
having a layer thickness of approximately 1 mm prepared using an elastic acrylic emulsion coating obtained herein- 
above, and it was dried at an ordinary temperature for 2 weeks to prepare a coating layer. Using the coating layer, 
measurement was conducted according to JIS A6910 (1984) 5. 13. 

(8) Deterioration test in extension: 

[1 008] Measurement was conducted according to JIS A691 0 (1984) 5. 1 3 using a multi-layered coating layer prepared 
in the (7). 

(9) Adhesion strength: 

[1 009] Measurement was conducted according to JIS A6910 (1 984) 5. 8 using a multi-layered coating layer prepared 
in the (7). 

(10) Cold cycle test: 

[1010] It was conducted according to JIS A6910 (1984) 5. 9 

(11) Dispersibility of pigments 
(a monochromatic base) 
[1011] 

* carbon black: 

Royal Sbectramark I (Columbia Carbon, Ltd.) PWC5% 

* Shinkasya Red: 

Fastogen Super Red BN (Dainippon Ink Kagaku, Ltd.) PWC10% 

* Dianine Blue: 

Fastogen Blue FGS (Dainippon Ink Kagaku, Ltd.) PWC10% 

Coagulation property and a thixotropic property were visually judged in relation to an original color enamel 
base kneaded under special conditions. 

(Mixed color base) 

[1012] The above-described respective color enamel bases were formulated so that it becomes white/original 
color=98/2 (pigments ratio), and a curing agent was formulated. After having diluted by a solvent, it was spray coated. 
After having confirmed dryness by finger touch, the same coating partially remained was flow-coated on an approxi- 
mately half portion in the coated plate and cured. 

[1013] Quality of dispersibility was judged by a color difference ( E) between a spraying portion and flow coating 
portion. Smaller value is more excellent in dispersibility. 

(12) Staining resistance: 
(i) Staining by a felt pen: 

[1014] After having been stained by a felt pen, sample was placed at room temperatures for 2 hours, and wiped by 
a solvent of petroteum/ethanol=1/1, and a staining level was visually judged. 
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[1015] Herein, © : Marks are not quite remained. O. Marks are slightly remained. : Marks are fairly remained, x: 
Marks are very remained, (ii) Staining by wet carbon: 

Water dispersion containing 3% of carbon was made, and it was softly applied by cotton, and it was placed at an 
5 ordinary temperature for 1 day. After having washed by water, marks were visually judged. 

Rules for judgement are the same as in the (i). 

[1016] From the Examples and Comparative Examples, it is evident that in the case that a coating having a low 
proportion of the adducts in which not less than 2 mol of e-caprolactone is added is employed as, for example, a top- 
to coating material for cars, there can be obtained a coating layer which is well-balanced among excellent workability, a 
hardness of a coating layer, a finishing outer appearance, weatherability, acid resistance, staining resistance, gloss, 
flexibility, and abrasion resistance. 

Example VI. 

15 

Reference Example VI-7 [Preparation Example of a copolymer (VIA-1)] 

[1 017] A four-necked flask replaced with nitrogen gas was charged with 294 parts of methylethy I ketone, followed by 
maintaining at 75°C while agitating. Subsequently, there was added dropwise a mixture composed of 36.9 parts of 
20 methacrylic acid, 90.0 parts of styrene, 42.6 parts of butyl aery late, 40.5 parts of an e-caprolactone-modified acrylic 
monomer obtained in the Example 1, 90.0 parts of lauryl methacrylate, and 6.0 parts of Perbutyl O [tert-butylperoxy- 
2-ethylhexanoate manufactured by Nihon Yushi, Ltd.] over 2 hours. Further, reaction was conducted at the same tem- 
perature for 5 hours to obtain a copolymer (VIA-1) having nonvolatile components of 50.0% by weight, an acid value 
of 80 and, further, hydroxyl value of 58 (unit: mg-KOH/g, hereinafter, the same). 

25 

Reference Example VI-8 [Preparation Example of a copolymer (VIA-2)] 

[1 01 8] A four-necked flask replaced with nitrogen gas was charged with 870 parts of methylethyiketone, followed by 
maintaining at 80°C while agitating. Subsequently, there was added dropwise a mixture composed of 207 parts of 
30 styrene, 150 parts of lauryl methacrylate, 72 parts of an e-caprolactone-modified acrylic monomer obtained in the 
Example 3, 1 68 parts of butyl methacrylate, and 30 parts of "Perbutyl O" over 4 hours. Further, polymerization reaction 
was continued over 4 hours while agitating to obtain a resin having hydroxyl groups, which has a number average 
molecular weight of 26,000 and nonvolatile components of 40%. 

[1 01 9] Subsequently, 6.8 parts of methacrylic anhydride was added to the polymer solution, followed by agitating for 
35 4 hours to obtain a vinyl group-modified resin (VIB-1 ) having hydroxyl groups. After that, the same flask as in the above- 
described flask was charged with 175 parts of the resin (VIB-1), followed by elevating temperature to 80°C while 
agitating. There was added dropwise a mixture of 9.2 parts by weight of methacrylic acid, 7.6 parts of styrene, 7.5 
parts of lauryl methacrylate, 3.4 parts of butyl acrylate, 2.3 parts of 2-hydroxyethyl methacrylate, 4.5 parts of "Perbutyl 
CT, and 20 parts by weight of methylethyiketone over 4 hours to allow to continue a polymerization. 
40 [1 020] Also after that, agitation was allowed to continue over 2 hours to obtain a vinyl-based copolymer (VIA-2). Non 
volatile components were 45.6%. 

Reference Example VI-9 [Preparation Example of a copolymer (VIA-3)] 

45 [1021] A reaction vessel replaced with nitrogen was charged with 870 parts of methylethyiketone, followed by ele- 
vating a temperature to 80°C while agitating. Into the vessel, there was added dropwise a mixture composed of 180 
parts of styrene, 150 parts of lauryl methacrylate, 78 parts of butyl acrylate, 72 parts of an e-caprolactone-modified 
acrylic monomer obtained in the Example 3, 120 parts of glycidyl methacrylate, and 30 parts of "Perbutyl O" over 4 
hours to allow to continue polymerization. Further, agitation was continued over 4 hours to obtain a polymer solution 

so of a resin having glycidyl groups and hydroxyl groups, which has a number average molecular weight of 20,000 and 
nonvolatile components of 40%. 

[1022] Subsequently, 6.8 parts of methacrylic anhydride was added to the polymer solution, followed by agitating at 
60°C for 6 hours and adding 0.5 part of water to obtain a vinyl-modified resin (VIB-2) having hydroxyl groups, in which 
glycidyl groups are remained. 

55 [1023] After that, the same vessel as in the above-described vessel was charged with 300 parts of the resin (VIB- 
2), followed by elevating temperature to 80°C while agitating. 

[1024] Subsequently, there was added dropwise a mixture composed of 39.2 parts of methacrylic acid, 27.0 parts 
of styrene, 45.0 parts of lauryl methacrylate, 41.0 parts of butyl acrylate, 27.8 parts of 2-hydroxyethy! methacrylate, 
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27.0 parts of "Perbutyl O", and 40.0 parts by weight of methylethylketone over 4 hours to allow to conduct a polymer- 
ization. Also after that, agitation was allowed to continue over 2 hours to obtain a vinyl-based copolymer (VlA-3) . Non 
volatile components were 54.8%. 

Reference Example VI-10 [Preparation Example of a copolymer (IVA-4)] 

[1025] A reaction vessel replaced with nitrogen was charged with 150 parts of the resin (VIB-1) obtained in the 
Reference Example IV-8 and the resin (VIB-2) obtained in the Reference Example VI-10, respectively, followed by 
elevating temperature to 80°C while agitating. 

[1026] Subsequently, there was added dropwise a mixture composed of 39.2 parts of methacrylic acid, 27.0 parts 
of styrene, 45.0 parts of lauryl methacrylate, 41.0 parts of butyl acrylate, 27.8 parts of 2-hydroxyethyl methacrylate, 
27.0 parts of "Perbutyl O", and 40.0 parts by weight of methylethylketone over 4 hours to allow to conduct a polymer- 
ization. Also after that, agitation was allowed to continue over 2 hours to obtain a vinyl-based copolymer (VIA-4) . Non 
volatile components were 54.8%. 

Reference Example VI-11 [Preparation Example of a copolymer (VIA-5)] 

[1027] A reaction vessel was charged with 62.5 parts of a polycaprolactone diol having a number average molecular 
weight of 1,250, 167.8 parts of "AOGX 68 w [a long chain olefin glycol manufactured by Daicel Chemical Industries, 
Ltd., hydroxyl value=290], and 111 parts of 1-isocyanate-3-isocyanatemethyl-3,5,5-trimethylcyclohexane (IPDI), and 
temperature was elevated to 110°C under nitrogen atmosphere while agitating, followed by maintaining at the temper- 
ature for 60 minutes. 

[1 028] After that, the temperature was decreased to 80°C, and there were fed 33.5 parts of dimethylol propionic acid, 
1 60.6 parts of ethyl acetate, and 0.05 part of tin octoate, followed by allowing to continue a reaction at 75°C for 7 hours. 
After the completion of the reaction, 214.2 parts of ethyl acetate was added to obtain a urethane resin solution having 
hydroxyl groups which has non volatile components of 50%. 

[1 029] 2.6 parts of methacrylic anhydride was fed into the resin solution, followed by agitating at 75°C for 4 hours to 
obtain a vinyl-modified resin (VIB-3) having hydroxyl groups. 

[1030] Subsequently, 100 parts of the resin (VIB-3) was fed into a same reaction vessel replaced with nitrogen, 
followed by elevating a temperature to 75°C while agitating. There was added dropwise a mixture composed of 15.4 
parts of methacrylic acid, 23.3 parts of styrene, 22.4 parts of isobutyl methacrylate, 5.5 parts of 2-hydroxyethyl meth- 
acrylate, 50.1 parts of the -caprolactone-modified acrylic monomer obtained in the Reference Example 3, 9.3 parts of 
"Niper BVV [benzoyl peroxide manufactured by Nihon Yushi, Ltd.], and 116.7 parts of ethyl acetate over 4 hours to 
allow to conduct a polymerization reaction. Also after that, agitation was allowed to continue over 4 hours to obtain a 
vinyl-based copolymer (VIA-5) . Nonvolatile components were 48.6%. 

Reference Comparative Example VI-12 [Preparation Example of a copolymer (VIRA-1)] 

[1031] The same polymerization was followed as in the Reference Example VI-7 except that the e-caprolactone- 
modified acrylic monomer obtained in the comparative Example 1 was employed in place of 40.5 parts of the e-capro- 
lactone-modified acrylic monomer obtained in the Example 1 to obtain a vinyl-based copolymer having non volatile 
components of 50.0%, an acid value of 80, and a hydroxyl value of 58. 

Reference Comparative Example VI-13 [Preparation Example of a vinyl-based copolymer (VIRA-2)] 

[1032] The same polymerization was followed as in the Reference Example VI-11 except that "Placcel FM3" [a lac- 
tone-modified hydroxyethylmethacrylate manufactured by Daicel Kagaku Kogyo, Ltd.] was employed in place of the 
e-caprolactone-modified acrylic monomer obtained in the Comparative Example 3 to obtain a vinyl-based copolymer 
having non volatile components of 50.0%, an acid value of 80, and a hydroxyl value of 58. 

Example VI-1 

[1033] In a reaction vessel which is vigorously agitated there were mixed 200 parts of the vinyl-based copolymer 
(VIA-1) which is an acrylic polyol resin, 39.7 parts of "Vernok 980" [a polyisocyanate manufactured by Dainippon Ink 
Kagaku Kogyo, Ltd., nonvolatile components=75.6%], 100 parts of methylethylketone, and 5.0 parts of triethylamine, 
and 300 parts of distilled water was gradually added to the vessel. During a reaction, 0.02 part of dibutyltin dilaurate 
was added immediately before phase inversion, and 200 parts of distilled water was added after phase inversion. 
[1034] Subsequently, solvents were distilled off at reduced pressure, and heating was continued at 60° C for 1 hour 
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to allow to accelerate a crosslinking in inside of particles. After that, water was partially distilled off at reduced pressure 
to obtain a water dispersion of crosslinked particles having 31 .0% of nonvolatile components. 

[1 035] After that, the water dispersion of crosslinked particles was partially taken out, and tetrahydrofran was added 
in a 100 times amount and, as a result, it was muddy without transparently dissolving. 
5 [1 036] Further, the water dispersion was maintained at 50°C for 20 days, and a change was observed with a lapse 
of time and, as a result, any change was not observed in stability of dispersibility. 

[1 037] However, when ethyleneglycol monobutylether was added in an amount corresponding to 20% based on solid 
components in the water dispersion, tendency of viscosity increase was observed in a system after 20 days at 50PC. 
[1038] It is to be noted that it showed an average molecular weight of 570 between crosslinking points in thus- 
10 obtained crosslinked particles, which is a designed value. Still further, a solvent was added in an amount corresponding 
to 20% based on solid components and, as a result, a film-forming temperature was not more than a room temperature. 

Example VI-2 

15 [1 039] The same procedures were followed as in the Example IV- 1 , except that there were employed 219.3 parts of 
the vinyl-based copolymer (VIA-2) which is an acrylic polyol resin, 39.7 parts of "Vernok 980", 1 00 parts of methylethyl- 
ketone, and 10.8 parts of triethylamine. As a result, nonvolatile components were 31.6% in thus-obtained water dis- 
persion of crosslinked particles and a dispersion state was also excellent. 

[1040] Subsequently, the water dispersion of crosslinked particles was partially taken out, and tetrahydrofran was 
20 added in a 100 times amount and, as a result, it was muddy without transparently dissolving. Further, the water dis- 
persion was maintained at 50°C for 20 days, and a change was observed with a lapse of time and, as a result, any 
change was not observed in stability of dispersibility. Likewise, when ethyleneglycol monobutylether was added in an 
amount corresponding to 20% based on solid components in the water dispersion, tendency of viscosity increase was 
not observed in a system even after 20 days at 50°C. It is to be noted that it showed an average molecular weight of 
25 630 between crosslinking points in thus-obtained crosslinked particles, which is a designed value. Still further, a solvent 
was added in an amount corresponding to 20% based on solid components and, as a result, a film-formable temperature 
was not more than a room temperature. 

Example VI-3 

30 

[1 041] The same procedures were followed as in the Example IV-1 , except that there were employed 1 82.5 parts of 
the vinyl-based copolymer (VIA-3) which is an acrylic polyol resin, 26.5 parts of "Vernok 980", 1 50 parts of methylethyl- 
ketone, and 15.3 parts of triethylamine. As a result, nonvolatile components were 30.5% in thus-obtained water dis- 
persion of crosslinked particles and a dispersion state was also excellent. 

35 [1042] Subsequently, the water dispersion of crosslinked particles was partially taken out, and tetrahydrofran was 
added in a 100 times amount and, as a result, it was muddy without transparently dissolving. Further, the water dis- 
persion was maintained at 50°C for 20 days, and a change was observed with a lapse of time and, as a result, any 
change was not observed in stability of dispersibility. Likewise, when ethyleneglycol monobutylether was added in an 
amount corresponding to 20% based on solid components in the water dispersion, tendency of viscosity increase was 

40 not observed in a system even after 20 days at 50°C. It is to be noted that it has an average molecular weight ranging 
in 510-680 between crosslinking points in the crosslinked particles, which is a designed value, and which only slightly 
changes through reaction between glycidyl groups. 

[1043] Still further, a solvent was added in an amount corresponding to 20% based on solid components and, as a 
result, a film-forming temperature was not more than room temperatures. 

45 

Example VI-4 

[1 044] The same procedures were likewise followed as in the Example IV-1 , except that there were employed 1 82.5 
parts of the vinyl -based copolymer (VIA-4) which is an acrylic polyol resin, 26.5 parts of "Vernok 980", 150 parts of 
50 methylethylketone, and 15.3 parts of triethylamine and, thus-obtained water dispersion of crosslinked particles has 
nonvolatile components of 32.3% in thus-obtained water dispersion of crosslinked particles and a dispersion state was 
also excellent. 

[1045] Subsequently, the water dispersion of crosslinked particles was partially taken out, and tetrahydrofran was 
added in a 100 times amount and, as a result, itwas muddy without transparently dissolving. Further, the water disper- 
55 sion was maintained at 50°C for 20 days, and a change was observed with a lapse of time and, as a result, any change 
was not observed in stability of dispersibility. 

[1046] Likewise, when ethyleneglycol monobutylether was added in amount corresponding to 20% based on solid 
components, any change was not observed in viscosity properties even after 20 days at 50° C. It is to be noted that it 
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has an average molecular weight ranging in 580-680 between crosslinking points in the crosslinked particles, which 
is a designed value, and which only slightly changes through reaction between glycidyl groups. 
[1047] Still further, a solvent was added in an amount corresponding to 20% based on solid components and, as a 
result, a film-forming temperature was not more than room temperatures. 

5 

Example VI-5 

[1048] The same procedures were followed as in the Example 1, except that there were employed 205.8 parts of 
the vinyl-based copolymer (VIA-5) which is an acrylic polyol resin, 39.7 parts of "Vernok 980", 1 50 parts of methylethyl- 
10 ketone, and 10.8 parts of triethylamine and, as a result, nonvolatile components were 35.3% in thus-obtained water 
dispersion of crosslinked particles and a dispersion state was also excellent. 

[1049] Subsequently, the water dispersion of crosslinked particles was partially taken out, and tetrahydrofran was 
added in a 100 times amount and, as a result, it was muddy without transparently dissolving. Further, the water dis- 
persion was maintained at 50° C for 20 days, and a change was observed with a lapse of time and, as a result, any 

is change was not observed in stability of dispersibility. 

[1 050] Likewise, when ethylenegJycol monobutylether was added in an amount corresponding to 20% based on solid 
components in the water dispersion, any change was not observed in viscosity properties even after 20 days at 50° C. 
It is to be noted that it showed an average molecular weight of 630 between crosslinking points in the crosslinked 
particles, which is a designed value. 

20 [1051] Still further, a solvent was added in an amount corresponding to 20% based on solid components and, as a 
result, a film-forming temperature was not more than room temperatures. 

Example VI-6 

25 [1 052] A 4-necked flask replaced with nitrogen was charged with 250 parts of "Unicef PT-200" [a polytetramethylene 
glycol having Mn=2,000 manufactured by Nihon Yushi, Ltd.] and 55.5 parts by weight of isophorone diisocyanate, and 
a reaction was conducted at 120°C for 30 minutes. 0.05 part of tin octoate was supplied, and the reaction was further 
conducted for 60 minutes at the same temperature. After lowering the temperature to 80°C, 182.5 parts of methylethyl- 
ketone and 33.5 parts of dimethylol propionic acid were supplied, and a reaction was conducted at 80°C for 6 hours 

30 to obtain a urethane prepolymer having nonvolatile components of 65%, an acid value of 41.4, and an isocyanate 
group content of 3.0%. 

[1053] After that, there were sufficiently mixed 200 parts of the polymer, 51.6 parts of "Vernok 980", 100 parts of 
methylethy I ketone, and 5.0 parts of triethylamine while sufficiently agitating, and 600 parts of distilled water was added 
while continuing agitation and, subsequently, there was also added an aqueous solution in which 12 parts of diethylene 
35 triamine is dissolved in 100 parts of distilled water, and solvent and water were partially distilled off at 60-70°C while 
maintaining a system at a reduced pressure to obtain a water dispersion of crosslinked particles having nonvolatile 
components of 31 .0%. 

[1 054] Subsequently, 1 94 parts of thus-obtained water dispersion of crosslinked particles, 407 parts of distilled water, 
and 12 parts of toluene were added into a 4-necked flask replaced with nitrogen, followed by elevating a temperature 

40 to 80° C. After that, there were added dropwise over 4 hours a solution in which there were mixed 4 parts of ally! 
methacrylate, 13 parts of methylmethacrylate, 13 parts of butylmethacrylate, and the e-caprolactone-modified acrylic 
monomer obtained in the Example 4 and an aqueous solution in which there were mixed 0.15 part of ammonium 
persulphate is dissolved in 20 parts of distilled water, respectively, and a polymerization was conducted. 
[1 055] Also after that, agitation was continued for 2 hours at the same temperature. Subsequently, solvent and water 

45 were partially distilled off at a reduced pressure to obtain acryl/urethane composite crosslinked particles having non- 
volatile components of 32.7%. 

[1056] Subsequently, water dispersion of the crosslinked particles was partially taken out, and a 100 times amount 
of tetrahydrofran was added and, as a result, it was whitened without transparently dissolving. Further, a change with 
a lapse of time was observed while maintaining the water dispersion at 50°C for 20 days and, as a result, any change 
50 was not observed in dispersion stability at all. Likewise, when ethyleneglycol monobutylether was added in amount 
corresponding to 20% based on solid components in the water dispersion, any change was not observed in viscosity 
properties even after 20 days at 50°C. It is to be noted that it showed an average molecular weight of 500 between 
crosslinking points in the crosslinked particles, which is a designed value. 

[1057] Still further, a solvent was added in an amount corresponding to 20% based on solid components and, as a 
55 result, a film-forming temperature was not more than room temperatures. 
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Comparative Example VI- 1 



Comparative Example VI-2 

Comparative Example VI-3 
[1060] 
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Comparative Examples VI-4 and VI-5 

. ^ v,., ,„ a VI-6 a „ a o^. ^ vw 

[Boiling water resistance] 

Q Abnormal portions are not observed at all 
A. Soften.ng or whitening are slightly observed 
x. Soften.ng or whitening are remarkably obsen,ed. 

[Staining resistance] 

a Marks are almost not remained 
A: Marks are slightly remained 
x: Marks are almost not removed. 

[Impact resistance] 

[Chipping resistance] surrace. 
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set in a sample holder of the tester 50 a of M 
[Adhesion] 

« me cross-hatches remained after having been abruptly - striked V ' SUa " y eVa ' Uated by COUntin 9 

the number 

20 ?: p! 6 "" 9 °f coatin 9 ^ f s not observed at all 

A. Pee ,ng of coating layer is slightly observed. 

x. Peel.ng of coating layer is remarkably observed. 
[Gloss] 

- 1-1 —-—^o-^^p^. 
[Solvent resistance] 

[Acid resistance] 

[Alkali resistance] 

[Hardness] 

^ [1 075] it was evaluated by pencil hardness. 
[Weatherability] 



30 



35 



50 



55 



rDn4 



[Pot life] 



?romTT Ured aCC ° rdin9 '° J ' S K5400 <' «»M 9 
lave; a fi k 0Wained a coatin 9 'ayer which is well-tolanc^ ll^T « eXamp ' e ' 3 to P- c °a«n9 material for 
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Example VII. 

(Examples VII-1 and VII-2) 
[Synthesis of an acrylic polyol (Vll-A)] 
[1079] 
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[1079] A reaction vessel equipped with an anitaw * 

gas. and a dropping funne, XSo^S^^r^' **" ** Wredu *« 
a temperature to 105°C while supplying nitrogen gas After S J r^J T f °" OWed b * e,ev a«"9 

dropping funnel over 4.5 hours to conduct a KKJE^^i?^ hereinafter wa * dropped from the 
so^n composed of 5 par, of xylene and 0, ^~^ n ^Z ^^ZlZZ* 

2£ '« - - followed by cooling to obtain an 

except that FM0.75was emp^d !n ^ceT^ SE? ^T^TT the ™* ^ 1) 

we.ght was 9,800, and OHV was 73 mg-KOH/g Cry " C P^ 0 ' resin ' a number average molecular 

ylate in 1.0 mo, on an average manufactured by oScefKaoaku Ht^T^™ " ^ '° ^^^acrl 
copolymer obtained, a number average molecular ZSS^JS^SaS ^ ° f Xytene ' 17 °' A.8N. In a 
[1084] Acrylic polyol resin (VIIA4) : (composition) 25 ? nZl J f ? W3S 74 WOH/g. 

seek- ^ aibn. „ . ^ *s sstfi^~*»!« 

[Synth.sh, „, , co M ym„ (Vll-B) conBMng a „ atoxysllyl „„„„, 

SSL i^^T^ZT^STT.' "S - * * 

supplying nitrogen gas. P3rtS ° f Xylene ' followed b V elevating a temperature to 108°C while 

ss po A s^r^:~„T,r sks- "■of""* 3 *— — 5 — * — - 

dropped over 1 hour. Dropping of the m.xture, 0.5 part of AIBN and 5 parts of xylene were 

[Preparation of a coating] 

SLd^!^ ^pror PrcPared " h » 36 -* ° f "* « " - above- 

VI. B 2 containing an a.koxysi.y, group, respect ! ' ° " VW " ° f th6 abov ^escribed copolymers VI. B 1 to 
[1092] In Table VII-7, A-1120 and A ifi7 arQ „ * 

absorbent manufactured by Ciba <^ Z'^^S^TSS^^ ^ ^ 9 °° * an U ' travi ° tet 

muv.n !44 is a photostabilizer manufactured by Ciba Geigy, AG.; 



99 



EP 1 227 113 A1 

[Coating and Evaluation] 

Ea^^^ 

vided. a g ,ass p.ate in an aLsion tes ^Th^te * ere Sl^£!STSr* -Bd f* ph ° S P hatiza,ion <P ro " 

^^^^ 

^^^ssr^^ of the composition ° f the present inventi ° n - - *— « «— - 

and^is wo?;. aPPearanC6: " ^ ViSUa " y eVa,Uat6d ° Vera » «* and a bui.d fee.ing. O is exce.ient, A is usua,. 

Sis SX££ ^ ^ X 2 ,6St ^ " ndU * d ^ 3 Ce,to " ha " a ' a P* - equation. 

[1 098] Hardness: It was measured according to JIS K5400 

^TJSiSSi ^^ d 7 fte f h S wiSfnl T 8 SP ° tte K d ° n t6St Pi6CeS ' and the teSt — *— at 

and-eaLss^ 

J^e^s^ 

Piece was compared to an untested piece haV '" 9 ,ake " OUt and wi P ed ' and *a test 

m IVJl ?i "° Chan9e A: S " ght Color cnan 9 e - and x: dis «"ct change 

•nd «w. was measure a H» S.YftoT^S SS*, J 3lass - ma(te I** >»*» ■ c«*ng layer, 
•atactng method) of a fj , obBlrL^n?. ~l ta^,£Ta^ ^ T me " S "' M ' 901 ltae,, ' on <« n aaa '°"<- 
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[Composition] 














Component A 
Component B 
Dioctyltin maleate 
Reaction product 
of A- 11 20 with A- 187 


A-1 
B-2 
0.72 
0.72 


A-2 
B-2 
0.72 
0.72 


A-3 
B-2 

0.72 
0.72 


A-5 
B-1 
0.72 
0.72 


A-4 
B-2 
0.72 
0.72 


A-4 
B-2 
0.72 
0.72 


Tinuvin 900 
Tinuvin 144 
PS399.7 


0.36 
0.36 
1.8 


0.36 
0.36 


0.36 
0.36 


0.36 
0.36 


0.36 
0.36 J 


0.36 
0.36 
1.8 
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(continued) 



[Composition] 



Solvesso#100 
Methanol 

Ortho methyl acetate 



[Coating] 



Outer appearance 

Adhesion 

Hardness 

Acid resistance 

Staining resistance 

Abrasion resistance before rubbing 

(Haze value) after rubbing 

Difference between before and after 

Weatherability 700 hours 

2800 hours 
Contact angle against water 
MEK rubbing property (300 times) 
Gel fraction before immersion 

after immersion 



Example 



34.24 
1.8 
1.8 



O 
10 
2H 
O 
O 
0.16 
2.76 
2.60 
97 
93 
80 

® 
95.2 
92.2 



34.24 
1.8 
1.8 



1 



Comparative Example 
2 



O 
10 
2H 
O 
O 
0.16 
2.81 
2.65 
98 
92 
90 
® 
95.0 
92.3 



34.24 
1.8 
1.8 



O 
10 
2H 
O 
O 
0.37 
3.75 
3.38 
98 
90 
79 
O 
95.3 
91.2 



34.24 
1.8 
1.8 



O 
10 
2H 

O 

o 

0.31 
3.28 
2.97 
99 
90 
79 
O 
95.8 
91.0 



34.24 
1.8 
1.8 



O 
10 
2H 

O 

o 

0.34 
3.45 
3.11 
97 
93 
80 
O 
95.2 
92.2 



34.24 
1.8 
1.8 



O 
10 
2H 

O 

o 

0.39 
3.95 
3.56 
98 
92 
90 
O 
95.0 
92.3 



Example VIIL 
[Example VMM] 

[Example VIII-2] 
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[Example VIII-3] 

[1113] The quite same esterification reaction was conducted as in the Example VI 1 1-1, except that 153 g (0.82 mol) 
of the lactone-modified 2-hydroxyethylmethacrylate composition (a-3) obtained in the Example 3 and maleic anhydride 
(0.82 mol) were employed in place of 88.4 g (0.41 mol) of the lactone-modified 2-hydroxyethylmethacrylate composition 
(a-1 ) in the Example VIII-1 . 

[1114] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappeared 
maleic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there is 
newly produced a carboxylic group-contained acrylate monomer (c-3) modified by a small amount of lactones. As a 
result of the analysis, it was confirmed from an acid value of 197 mg KOH/g that the product is a carboxylic group- 
contained acrylate monomer composition modified by a small amount of lactones in which one molecule of maleic 
anhydride is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-3). 

[Example VIII-4] 

[1115] The quite same esterification reaction was conducted as in the Example VIII-1 , except that 161 g (0.82 mol) 
of the lactone-modified 2-hydroxyethylmethacrylate composition (a-4) obtained in the Example 4 and maleic anhydride 
(0.82 mol) were employed in place of 88.4 g (0.41 mol) of the lactone-modified 2-hydroxyethylmethacrylate composition 
(a-1 ) in the Example VIII-1 . 

[1116] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappeared 
maleic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there is 
newly produced a carboxylic group-contained acrylate monomer (c-4) modified by a small amount of lactones. As a 
result of the analysis, it was confirmed from an acid value of 191 mg KOH/g that the product is a carboxylic group- 
contained acrylate monomer composition modified by a small amount of lactones in which one molecule of maleic 
anhydride is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-4). 

[Comparative Example VIII-1] 

[1117] The quite same esterification reaction was conducted as in the Example VIII-1 , except that 200 g (0.82 mol) 
of the lactone-modified 2-hydroxyethylmethacrylate composition (a'-1) obtained in the Comparative Example 1 and 
maleic anhydride (0.82 mol) were employed in place of 88.4 g (0.41 mol) of the lactone-modified 2-hydroxyethylmeth- 
acrylate composition (a-1) in the Example VIII-1. 

[1118] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappear 
maleic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there is 
newly produced a carboxylic group-contained acrylate monomer (c'-1) modified by a small amount of lactones. As a 
result of the analysis, it was confirmed from an acid value of 164 mg KOH/g that the product is a carboxylic group- 
contained acrylate monomer composition modified by a small amount of lactones in which one molecule of maleic 
anhydride is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-1). 

[Comparative Example VIII-2] 

[1119] The quite same esterification reaction was conducted as in the Example VIII-1 , except that 200 g (0.82 mol) 
of the lactone-modified 2-hydroxyethylmethacrylate composition (a'-2) obtained in the Comparative Example 2 and 
maleic anhydride (0.82 mol) were employed in place of 88.4 g (0.41 mol) of the lactone-modified 2-hydroxyethylmeth- 
acrylate composition (a-1) in the Example VIII-1. 

[1120] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappear 
maleic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there is 
newly produced a carboxylic group-contained acrylate monomer (c'-2) modified by a small amount of lactones. As a 
result of the analysis, it was confirmed from an acid value of 164 mg KOH/g that the product is a carboxylic group- 
contained acrylate monomer composition modified by a small amount of lactones in which one molecule of maleic 
anhydride is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-1). 

[Comparative Example VIII-3] 

[1121] The quite same esterification reaction was conducted as in the Example VIII-1, except that 286 g (0.82 mol) 
of the lactone-modified 2-hydroxyethylmethacrylate composition (a'-3) obtained in the Comparative Example 3 and 
maleic anhydride (0.82 mol) were employed in place of 88.4 g (0.41 mol) of the lactone-modified 2-hydroxyethylmeth- 
acrylate composition (a-1) in the Example VIII-1. 



102 



EP 1 227 113 A1 

[1 122] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappear 
maleic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there is 
newly produced a carboxylic group-contained acrylate monomer (c'-3) modified by a small amount of lactones. As a 
result of the analysis, it was confirmed from an acid value of 123 mg KOH/g that the product is a carboxylic group- 
5 contained acrylate monomer composition modified by a small amount of lactones in which one molecule of maleic 
anhydride is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-1). 

[Comparative Example VIII-4] 

10 [1 123] The quite same esterification reaction was conducted as in the Example VI 1 1-1 , except that 387 g (0.82 mol) 
of the lactone-modified 2-hydroxyethylmethacrylate composition (a'-4) obtained in the Comparative Example 4 and 
maleic anhydride (0.82 mol) were employed in place of 88.4 g (0.41 mol) of the lactone-modified 2-hydroxyethylmeth- 
acrylate composition (a-1) in the Example VMM. 

[1 124] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappeared 
15 maleic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there is 
newly produced a carboxylic group-contained acrylate monomer (c'-4) modified by a small amount of lactones. As a 
result of the analysis, it was confirmed from an acid value of 98.4 mg KOH/g that the product is a carboxylic group- 
contained acrylate monomer composition modified by a small amount of lactones in which one molecule of maleic 
anhydride is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-1). 

20 

[Comparative Example VIII-5] 

[1 125] The quite same esterification reaction was conducted as in the Example VII 1-1 , except that 481 g (0.82 mol) 
of the lactone-modified 2-hydroxyethylmethacrylate composition (a'-5) obtained in the Comparative Example 5 and 
25 maleic anhydride (0.82 mol) were employed in place of 88.4 g (0.41 mol) of the lactone-modified 2-hydroxyethylmeth- 
acrylate composition (a-1) in the Example VIII-1. 

[1 126] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappear 
maleic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there is 
newly produced a carboxylic group-contained acrylate monomer (c'-5) modified by a small amount of lactones. As a 
30 result of the analysis, it was confirmed from an acid value of 82.0 mg KOH/g that the product is a carboxylic group- 
contained acrylate monomer composition modified by a small amount of lactones in which one molecule of maleic 
anhydride is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-1). 

[Example VIM-5] 

35 

[1 127] The quite same esterification reaction was conducted as in the Example VIII-1 , except that 60.7 g (0.41 mol) 
of phthalic anhydride was employed in place of maleic anhydride in the Example VIII-1. 

[1128] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappear 
phthalic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there 
*o is newly produced a carboxylic group-contained acrylate monomer (c-5) modified by a small amount of lactones. As a 
result of the analysis, it was confirmed from an acid value of 154 mg KOH/g that the product is a carboxylic group- 
contained acrylate monomer composition modified by a small amount of lactones in which one molecule of phthalic 
anhydride is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-1). 

45 [Example VIII-6] 

[1 129] The quite same esterification reaction was conducted as in the Example VIII-1 , except that 78.7 g (0.41 mol) 
of trimellitic anhydride was employed in place of maleic anhydride in the Example Vlll-1 . 

[1130] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappear 
so trimellitic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there 
is newly produced a carboxylic group-contained acrylate monomer (c-6) modified by a small amount of lactones. As a 
result of the analysis, it was confirmed from an acid value of 275 mg KOH/g that the product is a carboxylic group- 
contained acrylate monomer composition modified by a small amount of lactones in which one molecule of trimellitic 
anhydride is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-1). 

55 

[Example VII I-7] 

[1131] The quite same esterification reaction was conducted as in the Example VIH-1 , except that 89.4 g (0.41 mol) 
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of pyromellitic anhydride was employed in place of maleic anhydride in the Example VMM. 

[1 132] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappeared 
pyromellitic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there 
is newly produced a carboxylic group-contained acrylate monomer (c-7) modified by a small amount of lactones. As a 
5 result of the analysis, it was confirmed from an acid value of 129 mg KOH/g that the product is a carboxylic group- 
contained acrylate monomer composition modified by a small amount of lactones having carboxylic group in which 
one molecule of pyromellitic anhydride is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-1 ). 

Example IX. 

10 

[Synthesis of carboxylic group-contained acrylate monomer compositions (a'-1 to a'-7, a"-1 to a"-5) modified by a small 
amount of lactones] 

Reference Example IX-5 

15 

[1 1 33] A 500-ml glass-made flask equipped with an agitating device, a thermometer, and a water cooling condenser 
was charged with 88.4 g (a terminal hydroxyl group of 0.41 mol, hereinafter, the same) of the lactone-modified 2-hy- 
droxyethylmethacrylate composition (a-1 ) obtained in the Example 1 , 40.2 g (0.41 mol) of maleic anhydride, 0.39 g of 
N-methylimidazole, and 0.09 g of hydroquinone monomethylether. 
20 [1134] Subsequently, the flask was heated while agitating and streaming air into a gas phase portion, and it was 
maintained at liquid temperature at 90°C for 8 hours and, an esterification reaction was further conducted at 100°C 
for 3 hours. 

[1 1 35] Reaction product was a light yellowish liquid, and it was confirmed that there disappear maleic anhydride and 
the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there is newly produced a car- 
25 boxylic group-contained acrylate monomer (a'-1) modified by a small amount of lactones by a GPC analysis. As a 
result of the analysis, it was confirmed from an acid value of 180 mg KOH/g that the product is a carboxylic group- 
contained acrylate monomer composition (a'-1 ) modified by a small amount of lactones in which one molecule of maleic 
anhydride is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-1). 

30 Reference Example IX-6 

[1136] The quite same esterification reaction was conducted as in the Reference Example IX-5, except that 177 g 
(0.82 mol) of the lactone-modified 2-hydroxyethylmethacrylate composition (a-2) obtained in the Example 2 and maleic 
anhydride (0.82 mol) were employed in place of 88.4 g (0.41 mol) of the lactone-modified 2 -hydroxyethylmethacrylate 

35 composition (a-1) in the Reference Example IX-5. 

[1 137] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappear 
maleic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there is 
newly produced a carboxylic group-contained acrylate monomer (a'-2) modified by a small amount of lactones. As a 
result of the analysis, it was confirmed from an acid value of 180 mg KOH/g that the product is a carboxylic group- 

40 contained acrylate monomer composition (a'-2) modified by a small amount of lactones in which one molecule of maleic 
anhydride is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-2). 

Reference Example IX-7 

« [1138] The quite same esterification reaction was conducted as in the Reference Example IX-5, except that 153 g 
(0.82 mol) of the lactone-modified 2-hydroxyethylmethacrylate composition (a-3) obtained in the Example 3 and maleic 
anhydride (0.82 mol) were employed in place of 88.4 g (0.41 mol) of the lactone-modified 2-hydroxyethylmethacrylate 
composition (a-1 ) in the Reference Example IX-5. 

[1139] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappear 
50 maleic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a raw material and there is newly 
produced a carboxylic group-contained acrylate monomer (a*-3) modified by a small amount of lactones. As a result 
of the analysis, it was confirmed from an acid value of 197 mg KOH/g that the product is a carboxylic group-contained 
acrylate monomer composition (a'-3) modified by a small amount of lactones in which one molecule of maleic anhydride 
is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-3). 

55 

Reference Example IX-8 

[1140] The quite same esterification reaction was conducted as in the Reference Example IX-5, except that 161 g 
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(0.82 mol) of the lactone-modified 2-hydroxyethylmethacrylate composition (a-4) obtained in the Example 4 and maleic 
anhydride (0.82 mol) were employed in place of 88.4 g (0.41 mol) of the lactone-modified 2-hydroxyethylmethacrylate 
composition (a-1) in the Reference Example IX-5. 

[1141] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappear 
maleic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there is 
newly produced a carboxylic group-contained acrylate monomer (a*-4) modified by a small amount of lactones. As a 
result of the analysis, it was confirmed from an acid value of 191 mg KOH/g that the product is a carboxylic group- 
contained acrylate monomer composition (a'-4) modified by a small amount of lactones in which one molecule of maleic 
anhydride is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-4). 

Comparative Reference Example IX-6 

[1142] The quite same esterification reaction was conducted as in the Reference Example IX-5, except that 200 g 
(0.82 mol) of the lactone-modified 2-hydroxyethylmethacrylate composition (a-1 *) obtained in the Comparative Example 

1 and maleic anhydride (0.82 mol) were employed in place of 88.4 g (0.41 mol) of the lactone-modified 2-hydroxyethyl- 
methacrylate composition (a-1) in the Reference Example IX-5. 

[1 143] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappear 
maleic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there is 
newly produced a carboxylic group-contained acrylate monomer (a'-1') modified by a small amount of lactones. As a 
result of the analysis, it was confirmed from an acid value of 164 mg KOH/g that the product is a carboxylic group- 
contained acrylate monomer composition (a-1 ') modified by a small amount of lactones in which one molecule of maleic 
anhydride is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-1'). 

Comparative Reference Example IX-7 

[1144] The quite same esterification reaction was conducted as in the Reference Example IX-5, except that 200 g 
(0.82 mol) of the lactone-modified 2-hydroxyethylmethacrylate composition (a-2') obtained in the Comparative Example 

2 and maleic anhydride (0.82 mol) were employed in place of 88.4 g (0.41 mol) of the lactone-modified 2 -hydroxyethyl- 
methacrylate composition (a-1) in the Reference Example IX-5. 

[1145] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappear 
maleic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there is 
newly produced a carboxylic group-contained acrylate monomer (a'-2') modified by a small amount of lactones. As a 
result of the analysis, it was confirmed from an acid value of 164 mg KOH/g that the product is a carboxylic group- 
contained acrylate monomer composition (a'-2') modified by a small amount of lactones in which one molecule of maleic 
anhydride is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-2'). 

Comparative Reference Example IX-8 

[1146] The quite same esterification reaction was conducted as in the Reference Example IX-5, except that 286 g 
(0.82 mol) of the lactone-modified 2-hydroxyethylmethacrylate composition (a-3') obtained in the Comparative Example 

3 and maleic anhydride (0.82 mol) were employed in place of 88.4 g (0.41 mol) of the lactone-modified 2-hydroxyethyl- 
methacrylate composition (a-1) in the Reference Example IX-5. 

[1147] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappear 
maleic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there is 
newly produced a carboxylic group-contained acrylate monomer (a*-3') modified by a small amount of lactones. As a 
result of the analysis, it was confirmed from an acid value of 123 mg KOH/g that the product is a carboxylic group- 
contained acrylate monomer composition (a'-3') modified by a small amount of lactones in which one molecule of maleic 
anhydride is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-3'). 

Comparative Reference Example IX-9 

[1148] The quite same esterification reaction was conducted as in the Reference Example IX-5, except that 387 g 
(0.82 mol) of the lactone-modified 2-hydroxyethylmethacrylate composition (a-4') obtained in the Comparative Example 

4 and maleic anhydride (0.82 mol) were employed in place of 88.4 g (0.41 mol) of the lactone-modified 2-hydroxyethyl- 
methacrylate composition (a-1) in the Reference Example IX-5. 

[1149] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappear 
maleic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there is 
newly produced a carboxylic group-contained acrylate monomer (a*-4') modified by a small amount of lactones. As a 



105 



EP 1 227 113 A1 



result of the analysis, it was confirmed from an acid value of 98.4 mg KOH/g that the product is a carboxylic group- 
contained acrylate monomer composition (a'-4') modified by a small amount of lactones in which one molecule of maleic 
anhydride is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-4'). 

5 Comparative Reference Example IX-10 

[1 150] The quite same esterification reaction was conducted as in the Reference Example IX-5, except that 481 g 
(0.82 mol) of the lactone-modified 2-hydroxyethylmethacrylate composition (a-5') obtained in the Comparative Example 
5 and maleic anhydride (0.82 mol) were employed in place of 88.4 g (0.41 mol) of the lactone-modified 2-hydroxyethyl- 

10 methacrylate composition (a-1) in the Reference Example IX-5. 

[1151] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappear 
maleic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there is 
newly produced a carboxylic group-contained acrylate monomer (a'-5') modified by a small amount of lactones. As a 
result of the analysis, it was confirmed from an acid value of 82.0 mg KOH/g that the product is a carboxylic group- 

15 contained acrylate monomer composition (a'-5') modified by a small amount of lactones in which one molecule of maleic 
anhydride is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-5*). 

Reference IX-9 

20 [1 152] The quite same esterification reaction was conducted as in the Reference Example IX-5, except that 60.7 g 
(0.41 mol) of phthalic anhydride was employed in place of maleic anhydride in the Reference Example IX-5. 
[1 153] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappeared 
phthalic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there 
is newly produced a carboxylic group-contained acrylate monomer (a-5) modified by a small amount of lactones. As 

25 a result of the analysis, it was confirmed from an acid value of 154 mg KOH/g that the product is a carboxylic group- 
contained acrylate monomer composition (a'-5) modified by a small amount of lactones in which one molecule of phthal- 
ic anhydride is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-1). 

Reference IX-10 

30 

[1 154] The quite same esterification reaction was conducted as in the Reference Example IX-5, except that 78.7 g 
(0.41 mol) of trimellitic anhydride was employed in place of maleic anhydride in the Reference Example VIII-5. 
[1 155] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappear 
trimellitic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there 
35 is newly produced a carboxylic group-contained acrylate monomer (a*-6) modified by a small amount of lactones. As 
a result of the analysis, it was confirmed from an acid value of 275 mg KOH/g that the product is a carboxylic group- 
contained acrylate monomer composition (a-6) modified by a small amount of lactones in which one molecule of tri- 
mellitic anhydride is added to the lactone-modified 2-hydroxyethyimethacryiate composition (a-1). 

40 Reference IX-11 

[1 156] The quite same esterification reaction was conducted as in the Reference Example IX-5, except that 89.4 g 
(0.41 mol) of pyromellitic anhydride was employed in place of maleic anhydride in the Reference Example IX-5. 
[1 157] Reaction product was a light yellowish liquid, and it was confirmed by a GPC analysis that there disappear 
45 pyromellitic anhydride and the lactone-modified 2-hydroxyethylmethacrylate which are a starting raw material and there 
is newly produced a carboxylic group-contained acrylate monomer (a*-7) modified by a small amount of lactones. As 
a result of the analysis, it was confirmed from an acid value of 129 mg KOH/g that the product is a tricarboxylic group- 
contained acrylate composition (a-7) modified by a small amount of lactones in which one molecule of pyromellitic 
acid is added to the lactone-modified 2-hydroxyethylmethacrylate composition (a-1). 

50 

[Synthesis of an acrylic polycarboxylic acid resin (A'-1 to A*-6, A'-V to A'-8)] 

Synthesis Example IX-1 

55 (Synthesis of a half-esterified acrylic polycarboxylic acid resin (A'-1)) 

[1158] A 3-liter reaction vessel equipped with a thermometer, an agitator, a reflux condenser, a tube for introducing 
nitrogen, and a dropping funnel was charged with 200 parts of xylene, 100 parts of Solvesso 100, and 100 parts of 
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propylenegiycol monomethylether acetate followed by elevating a temperature to 125°C. Into the vessel, there were 
added dropwise a monomer solution composed of 100 parts of the carboxylic group-contained acrylate composition 
(a-1 ) modified by a small amount of lactones obtained in the Reference Example IX-5, 200 parts of styrene, 580 parts 
of cyclohexyl acrylate, 220 parts of maleic anhydride, and 400 parts of propylenegiycol monomethylether acetate and 

5 an initiator solution composed of 1 00 parts of t-butylperoxy-2-ethylhexanoate and 1 00 parts of xylene from the dropping 
funnel over 3 hours. After the completion of dropwise addition, the vessel was maintained at 130°C over 30 minutes, 
followed by adding dropwise an initiator solution composed of 10 parts of t-butylperoxy-2-ethylhexanoate and 50 parts 
of xylene over 30 minutes. After the completion of dropwise addition, reaction was further continued at 130°C over 1 
hour to obtain a resin varnish (nonvolatile components of 50%) containing an acrylic polyacid anhydride having a 

10 number average molecular weight of 3,800. 

[1159] 86 parts of methanol was added to 2060 parts of the varnish, followed by allowing to react at 70°C for 23 
hours to obtain a half-esterified varnish having an acid value of 126 mg-KOH/g-solid. 

[1160] It is to be noted that it was confirmed that infrared absorption spectra were measured in the resin obtained 
and there disappears an absorption (1785 crrr 1 ) by an acid anhydride. 

15 

Synthesis Example IX-2 

(Synthesis of an acrylic polycarboxylic acid resin (A-2)) 

20 [1161] The same vessel as in the Synthesis Example IX-1 was charged with 700 parts of xylene and 500 parts of 
Solvesso 100, followed by elevating a temperature to 130°C. Into the vessel, there were added dropwise a monomer 
solution composed of 380 parts of the acrylate composition (a'-1) modified by a small amount of lactones having car- 
boxylic group obtained in the Reference Example IX-5, 300 parts of styrene, 350 parts of 2-ethylhexyl acrylate, 150 
parts of isobutylmethacrylate, and 200 parts of acrylic acid and an initiator solution composed of 1 50 parts of t-butyfp- 

25 eroxy-2-ethylhexanoate and 300 parts of xylene from the dropping funnel over 3 hours. After the completion of dropwise 
addition, the vessel was maintained at 130°C over 30 minutes, followed by adding dropwise an initiator solution com- 
posed of 20 parts of t-butylperoxy-2-ethylhexanoate and 20 parts of xylene over 30 minutes. After the completion of 
dropwise addition, reaction was further continued at 130°C over 1 hour, followed by removing 1100 parts of solvents 
to obtain a resin varnish (nonvolatile components of 70%) having a number average molecular weight of 1,800 and an 

30 acid value of 156 mgKOH/g solid. 

Synthesis Example IX-3 

[1162] The same vessel as in the Synthesis Example IX-1 was charged with 700 parts of xylene and 350 parts of 
35 Solvesso 100, followed by elevating a temperature to 130°C. Into the vessel, there were added dropwise a monomer 
solution composed of 240 parts of the carboxylic group-contained acrylate composition (a'-1) modified by a amall 
amount of lactones obtained in the Reference Example 5, 300 parts of styrene, 258 parts of 2-ethylhexyl acrylate, 151 
parts of isobutylmethacrylate. 51 parts of acrylic acid, 240 parts of maleic anhydride, and 300 parts of propylenegiycol 
monomethylether acetate and an initiator solution composed of 150 parts of t-butylperoxy-2-ethylhexanoate and 150 
40 parts of xylene from the dropping funnel over 3 hours. After the completion of dropwise addition, the vessel was main- 
tained at 125°C over 30 minutes, followed by adding dropwise an initiator solution composed of 20 parts of t-butylp- 
eroxy-2-ethylhexanoate and 20 parts of xylene over 30 minutes. After the completion of dropwise addition, reaction 
was further continued at 125°C over 1 hour, followed by removing 1000 parts of solvents to obtain a varnish containing 
a resin (nonvolatile components of 65%) having a number average molecular weight of 2,000. 
45 [1163] 125 parts of methanol was added to 1590 parts of the varnish, followed by allowing to react at 70°C for 23 
hours to obtain a varnish containing a half-esterified acrylic polycarboxylic acid resin (A-3) having an acid value of 126 
mg KOH/g-solid. It is to be noted that it was confirmed that infrared absorption spectra were measured in the resin 
obtained and an absorption by an acid anhydride disappears. 

50 Synthesis Example IX-4 

[1164] The quite same procedures were followed as in the Synthesis Example IX-1 , except that the acrylate com- 
position (a'-1) modified by a small amount of lactones having carboxylic group in the Synthesis Example IX-1 was 
replaced with 100 parts of the acrylate composition (a'-2) modified by a small amount of lactones having carboxylic 
55 group obtained in the Reference Example IX-6 to obtain a varnish containing a half-esterified resin (A'-4) having a 
number average molecular weight of 1,800 and an acid value of 158 mg-KOH/g-solid. It is to be noted that it was 
confirmed that infrared absorption spectra were measured in the resin obtained and there disappears an absorption 
by an acid anhydride. 
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Synthesis Example IX-5 

(Synthesis of an acrylic polycarboxylic acid (A'-5)) 

nn!»fn„ were followed as in the Synthesis Example IX-2. except that the acrylate com- 

S JK^ sma Vr Unt ° f ' aCt0neS Carb ° XyliC 9r ° Up in the S ^ esis Exampie IX 2 wTs 

Zoun^ t TJ- nt ^T t 3 6 Composition < a "- 7 ) modifled ^ a small amount of lactones having carboxylic 

group obtained .n the Reference Example IX-7 to obtain a varnish containing a resin having a number average molecular 
W e,ght of 3.800 and an acid value of 126 mg-^^ 

spectra were measured in the resin obtained and there disappears an absorption by an acid anhydr£ ' 
Synthesis Example IX-6 

HZO? 7! ,6 T t !,.! am ! • procedures were foll °wed as in the Synthesis Example IX-3, except that the acrylate com- 

ESS; 0 f t a h e sma " r: ount of ,actones havins carboxy,ic sroup in the &^Syz 

„T „ m h ^ f 6 aCry ' ate comp ° s,tfon < a '-8) modified by a small amount of lactones having carboxylic 
group obtained in the Reference Example IX-8 to obtain a varnish containing a resin f/V-6) having a number avSe 
rj^tn" 6 ' 9 2,000 and a " aCW Va ' Ue ° f 126 m 9-KOH/g-solid. It is to be noted that it was confirmed that'ntared 
aSydtfe ' ^ " ** reS ' n "« diSappearS an absor P tio " d~ cm-1) by an a2d 

Comparative Synthesis Example IX-1 

(Synthesis of an acrylic polycarboxylic acid (A'-1 ')) 

[1 1 67] The quite same procedures were followed as in the Synthesis Example IX-2, except that the acrylate com 

%TZ^:«Z y , am ° Unt ° f ' aCt0neS h3Ving CafbOXy,iC 9roup in the ^ hasi * Example IX 2 waTSpS 
J t p 4 S artS °f the a«ylate monomer <a'-1 •) modified by a small amount of lactones having carboxylic group obtained 
the Comparative Reference Example IX-1 to obtain a varnish containing a resin having a numberaveraqe molecular 
we,ght of 3,800 and an acid value of 1 26 mg-KOH/g-so.id. .t is to be noted that it was confirmed Uha 'infrared ^absorption 
spectra were measured in the resin obtained and there disappears an absorption (1785 c^T^X^T 

Comparative Synthesis Example IX-2 

(Synthesis of an acrylic polycarboxylic acid (A'-2')) 

nn!Sn I^h I S *™ procedures were fo,lowed a s in the Synthesis Example IX-2. except that the acrylate com- 

JTSVSI^ 3 '"I f m ° Unt ° f ' aCt0neS haVin9 Carb ° XyliC 9r0up in the S y" thesis Exam Pte 'X-2 waireplaced 
with 414 parts of the acrylate composition (a'- 2 -) modified by a small amount of lactones having carboxylic orouo 
obtained ,n the Comparative Reference Example IX-2 to obtain a varnish containing a resin having a numb^ ave ace 
molecular we.ght of 3,800 and an acid value of 126 mg-KOH/g-solid average 

i 1 nd 6 thlJ h S 10 ^ " 0,ed Y " WaS confirmed ,hat infrared absorption spectra were measured in the resin obtained 
and there disappears an absorption (1 785 crrr') by an acid anhydride. owainea 

Comparative Synthesis Example IX-3 

(Synthesis of an acrylic polycarboxylic acid (A'-3')) 

[1 170] The quite same procedures were followed as in the Synthesis Example 2, except that the carboxylic oroun 

with 550 parts of the carboxylic group-contained acrylate composition (a"-3") modified by a small amount of lactone 
obtained in the Reference Comparative Example IX-3 to obtain a varnish containing SSXiSSS^^SZ 
A -3 having a number average molecular weight of 3,800 and an acid value of 126 mg-^OH/g sSd It to be noted 

££Z TaS S3E spectra were measured in the resin obtained and there di - pp — 
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Comparative Synthesis Example IX-4 
(Synthesis of an acrylic polycarboxylic acid (A'-4')} 



o 



with 690 parts of the carboxylic group^ntaln^lcX^ ££ST EXamP ' e ' X " 2 WaS re P ,aced 

obtained in the Reference Comparative Exam7e ,£ to oht^T , ^ by Sma " amount of ,a <*>^ 

(A'^f) having a number average m^^^j^r? T™]" 9 ™ ^ acid resin 

that it was confirmed that infrared .bSj£^l!£ ZlZT T* 26 m 9- KOH/ ^oHd. It is to be noted 
(1 785 cm-1) by an acid anhydride. measured in the resin and there disappears an absorption 

Comparative Synthesis Example IX-5 

' (Synthesis of an acrylic polycarboxylic acid (A'-5')) 

-toLd^ 

with 828 parts of the carboxylic g^onLned 0063 the S y nthesis Example IX-2 was replaced 

obtained in the Reference (SwKSSS Sb^?'" 5 '' m ° d, ' fied by 3 Sma " amount ° f '^ones 
(A--5-) having a number averaoe ^==T " ""T C ° ntainin «> an 

polycarboxylic acid resin 

that it was confirmed that infrared - JSn^^STSl?" * 126 ,T KOH/g - SOlid - » is to «» noted 
(1785 cm-1) by an acid anhydride. measured in the res.n and there disappears an absorption 

Comparative Synthesis Example IX-6 

(Synthesis of a half-esterified acrylic polycarboxylic acid (A'-6')) 

[1 1 73] The quite same procedures were followed as in the Synthesis F^mnio iy 1 

contained acrylate composition (a l -1) modified bv a IniTImSK? * P ' 6XCePt that me cart » x y"= group- 
added to obtain a varnish containing a ha^ esteriLd a^ ic nZ h T SyntheS ' S Examp,e ,X - 1 was ™* 
molecuiar weight of 1.800 and an acid ^SSSS^Sf^r* 1 ^ haVi " 9 3 num t»^ average 
absorption spectra - measured i-e 

Comparative Synthesis Example IX-7 
(Synthesis of an acrylic polycarboxylic acid (A'-7')) 

Comparative Synthesis Example IX-8 

(Synthesis of a half-esterified acrylic polycarboxylic acid (A'-S 1 )) 

cSed^^ 
^1^0"^ 
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[Synthesis of a blocked carboxylic group-contained acrylic polycarboxylic acid (bA'-1 to bA*-2)J 
Synthesis Example IX-7 

four - n «*ed flask equipped with an agitating device, a thermometer, a tube for introducing an inert gas a 
dropping funnel and a cooling device was charged with 412 g (2 mol) of the acrylic polycarboxylic ado eJn 
agent, an"d S 2 S 'E5£~7t ^T* * ^ 9 ***-**>^ mo', of ethySether a btoSing 
H 17* A f , SU f UTO aC ' d 31 35 °° and a " OWin9 to react for 24 hours at »» temperature. 
! DO i Lf Zo ,he rf com P' et, °" of react '°n, a Product was moved to a separating funnel, followed by alkali-washing using 
1™ JJ « Sod,um H bi e a / bonate and 100 g of a saturated aqueous salt. After having placed, a water laSr was 
separated and removed. Th,s operations were repeated 20 times, and washing by a saturated aqueous salt was c^n 

moveS It' 6 " r S H y addin9 S ° diUm SU ' Phate t0 an ° r9anic ,a * er at room temperatures and ^S^SS^Z 
^SS^ST PreSSUre t0 0btai " " aCry ' iC PO,yCarb ^' ic acid < bA '- 1 > which carboxylic groups ^ bTockS 

Synthesis Example IX-8 

resinW Jobta^rn 8 ^" T *' 7 WaS Char9ed with 2 m °' of the acr /Hc polycarboxylic acid 

£n „ M . k ? 6 Synthes,s Exam P' e 2 - fol 'owed by cooling at not more than 10°C by ice water and adding 
ll Jn , I ? h tnn 111 9 <* A Glutton containing 1 mo. of trimethylsi.y. chtoride 7a b.ock "g 

agent) d.ssolved ,n 1 00 g of tetrahydrofran was added dropwise into the flask over 30 minutes and an ice water bath 

To horibfeL^T ° f 1 K h ° Ur ^ COmP,eti ° n ° f dTOpWiSe additton ' and a rea <*°" was fu^e cont nu ed Tr 
10 hours. Subsequently, wash.ng was conducted three times with 100 parts of ice water and tetrahvdrofran «*« Z 

SSSBSSr 1 " to obtain an acry,ic po,ycarboxy,ic acid (bA?2 > in which 

Synthesis Example IX-9 

[1179] A 2-liter reaction vessel equipped with a thermometer, an agitator, a cooling device a tube for intmrt„r,n„ 

r 5 0 R p:?sTx e y.fn a e mPle ^ " SO ' Uti ° n C ° mP ° Sed ° f 120 PartS ° f ^S^ST^ 

!n,!nvlLh? e L the ^° mp,etion of dr °P wise additto ". the reaction vessel was maintained at 125°C over 30 minutes 

Il!nich / After I he , completion of dropwise addition, a reaction was further continued at 125°C for 1 hour to obtain a 
of 3500 TZT Com ^f^%) containing a polyepoxide (IXB-1) having a number average motecSar weight 
of 3500, an epoxy equrvalent of 450, and a hydroxy! value of 95 mgKOH/g solid. °'ecu.ar wergnt 

Example IX-1 

(Preparation of crosslinked resin particles) 

£n 83 J 1 reaCti °, n V6SSel eqUiPP6d With an a9itatin9 and heatin 9 device ' a thermometer, a tube for introducing nitro- 
gen, a reflux condenser, and a decanter was charged with 213 parts of bishydroxvethv) taurine inTn^l Z 

I rZZT ? " ,P™ duced a was removed by azeotropic distillation together with J^TmSS 

white^ r S 6 t d ,0 21 °° C ° Ver a PP roximate| y 3 "oura from initiation of reflux, and the rea* on JsSnued 

dahydrat,n9 , unti ' an acid value based on a carbox * ,ic acid attains to 135 mSS^STSS 

having cooled the l.qu.d temperature to 140°C. there was added dropwise 500 parts of "Kardula E10" iJ**mZJ~Z 

tZT^V* S H hel1, C , 0 > ° Ver 30 minUteS ' f °" 0Wed by continuin9 agi te «on P fo7^ Thou rSo £ZS^££ 

S moKO^id" 'd'" 9 a T h ° teriC ^ 9r ° UPS WWCh haS an add Va ' Ue ° f 55 ^KOH/g -Ta 

EKSr There was n™^ 9 ' 3 """^ m ° leCU ' ar Wei9ht 0f 1250 in so,id components. 

amnhL r > ? ^ 3 monomer suspension by vigorously agitating 10 parts of the polyester resin having 

amphotencon groups. 140 parts of deionized water, 1 part of dimethytethano. amine, 50 parts ofs^ 
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of ethyleneglycol dimethacrylate in a stainless steel-made beaker. Further, there was prepared an initiator aqueous 
solution by mixing 0.5 part of azobiscyano valeric acid, 40 parts of deionized water, and 0.32 part of dimethylethanol 
amine. 

[11 85] A reaction vessel equipped with an agitating and heating device, a thermometer, a tube for introducing nitro- 
5 gen, and a reflux condenser was charged with 5 parts of the polyester resin having amphoteric ion groups, 280 parts 

of deionized water, and 0.5 part of dimethylethanol amine, followed by elevating a temperature 80°C. Into the reaction 

vessel, 251 parts of the monomer suspension and 40.82 parts of the initiator aqueous solution were simultaneously 

added dropwise over 60 minutes, and a reaction was further continued for 60 minutes, followed by terminating the 
, reaction. There was obtained an emulsion of crosslinked resin particles having particle diameter of 55 nm which was 
10 measured by a dynamic light scattering method. 

[1 1 86] Into the emulsion, xylene was added, and water was removed by azeotropic distillation at a reduced pressure. 

There was obtained a xylene solution of crosslinked resin particles having solid content of 20% by weight by replacing 

a medium with xylene. 

is (Preparation of a clear coating composition) 

[1187] There were formulated the acrylic polycarboxylic acidresin (A'-1) obtained in the Synthesis Example X-1, a 
polyepoxide (IXB-1) obtained in the Synthesis Example X-9, "Sumilizer BHT (IXC-1) and "Sumilizer TPP-R" (lXC-2) 
which are manufactured by Sumitomo Kagaku, Co., and there were further added 0.5 part of tetrabutyl ammonium 

20 bromide which is a curing catalyst (IXF-1), 1 part of dibutyltin bis(butylmaleate) which is a curing catalyst (IXG-1), 2 
parts of "Tinuvin 900" which is an ultraviolet ray absorbent manufactured by Ciba Geigy, AG., 1 part of "Sanol LS-440" 
which is a photostabilizer manufactured by Sankyo, Co., and 0.1 part of "Modaflow" which is a surface controller man- 
ufactured by Monsanto Co. while agitating in Disper to prepare a curable resin composition. In the resin composition 
obtained, there was further added 10 parts of a xylene solution of the crosslinked resin particles prepared as described 

25 hereinabove, and viscosity was adjusted to 30 seconds by Ford Cup No. 4 using a solvent composed of butyl acetate/ 
xylene=1/1 to obtain a clear coating composition. 

[1 188] Nonvolatile components and color difference were measured in order to evaluate solid content and yellowing 
resistance in the clear coating composition obtained. 

30 <NonvolatiIe components in a coating (NV)> 

[1 189] Viscosity of a coating was adjusted to 30 seconds at 20°C by Ford Cup No. 4 using a solvent, and 0.5g of a 
coating composition was precisely weighed and, it was diluted by 3 cc of toluene, and then, baked at 110°C for 1 hour 
to measure nonvolatile components (% by weight) in the coating. 

35 

< Color difference> 

[1 190] A clear coating alone was coated on two pieces of a white plate so that layer thickness after drying becomes 
50 , and one piece was baked at 160°C for 30 minutes, and another one was baked at 140°C for 30 minutes. Using 
40 an SM color computer SM-4 manufactured by Suga Shikenki Co., "b" value was measured in a clear layer thickness 
of 50ujti, and difference from the white plate, that is, b of 160°C and b of 140°C were measured, and the difference, 
(Ab) = (Ab160°C - Ab140°C) is defined as the color difference. 

[1 191] On the other hand, a cationic electro-deposition coating (Power Top U-50 manufactured by Nihon Paint, Ltd.) 
and a middle-coating (Orga P-2 manufactured by Nihon Paint, Ltd.) were coated on a steel plate treated by a phosphate 
^5 having thickness of 0.8 mm, so that the thickness after drying becomes 25um and 40u.m, respectively, to obtain a 
coated test plate. And, a solvent-type high solid base coating (manufactured by Nihon Paint, Ltd.) was coated by air 
spraying on a coated test plate so that thickness becomes approximately 16u.m by setting for approximately 7 minutes 
to form a base coat layer. 

[1 192] On the plate, the clear coating composition obtained was coated by an electrostatic coating machine ("Auto- 
50 Rea" manufactured by Lansberg Gema, Co.) at an atomizing pressure of 5 kg/cm 2 and set for approximately 7 minutes 
and baked at 140°C for 25 minutes, so that the thickness after drying becomes approximately 40jim. 
[1 193] It is to be noted that in the solvent-type high solid base coating, there are formulated 20 parts of an acrylic 
resin (nonvolatile components of 80%, a hydroxyl group value of 100 mgKOH/g solid, an acid value of 30 mgKOH/g 
solid, and a number average molecular weight of 1800) manufactured by Nihon Paint, Ltd., 30 parts of a polyester 
55 (nonvolatile components of 80%, a hydroxyl group value of 100 mgKOH/g solid, an acid value of 12 mgKOH/g solid, 
and a number average molecular weight of 2600) manufacturedbyNihon Paint, Ltd., 40 parts of amelamine resin "Cymel 
202" (nonvolatile components of 80%) manufactured by Mitsui Cyanamid, Co., 10 parts of a melamine resin "Cymel 
327" (nonvolatile components of 90%) manufactured by Mitsui Cyanamid, Co., 10 parts of "Alupaste A160-600" (non- 
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volatile components of 65%) manufactured by Toyo Aluminum, Co., and 7 parts of isopropylalcohol. 
<Pencil Hardness> 
5 [1 194] It was conducted according to JIS K5400 8, 4.2. 
<Water resistance> 

[1195] Cured coating layer obtained was immersed in a tap water at 40°C for 10 days, and coating surface was 
10 visually observed according to rules described below. 

[1 196] In the case that a change is not observed, it is O, in the case that marks are slightly observed, it isA, and in 
the case that a coating layer is abnormal, it is x. 

<Abrasion resistance> 

15 

[1197] A flannel-made cloth having 2 cm x 2 cm was fitted at an abrasion head of a Gakushin type dye abrasion 
resistance tester (manufactured by Daiei Kagaku Seiki, Co.). On the cloth, there was coated 1 g of a water dispersion 
containing 50% of a cleanser ("New Homing Cleanser" manufactured by Kao, Co. (abrasive particles of 87%, a surface 
active agent of 5%, and other components)). 500 g of weight was loaded to the abrasion head, and it was allowed to 
20 go and return 20 times over a cured coating layer, followed by measuring 20 -gloss in a test portion to calculate a gloss 
retention ratio (%). 

<Acid resistance> 

25 [1198] Cured coating layer obtained was immersed in 0.5 ml of 1 wt% sulphuric acid at 75°C for 30 minutes, and 
coating surface was visually observed according to rules described below. 

[1199] In the case that an abnormality is not observed, it is 5, in the case that marks are indistinctly observed, it is 
4, in the case that marks are clearly observed, it is 3, in the case that several pieces of groups of microscopic holes 
are observed, it is 2, and in the case that the groups of microscopic holes are observed as a whole, it is 1. 

30 

<Weatherability> 

[1200] 100 mw/cm 2 of an ultraviolet ray was irradiated in "Aisuper UV tester SUV-W13" manufactured by Iwasaki 
Denki, Co. for 24 hours under conditions of a black panel temperature of 63°C and humidity of 70%, and 5 cycles were 
35 repeated as 24 hours/1 cycle which is a placing time under conditions of a black panel temperature of 50°C and humidity 
of 100%, andafter that, a coating surface was visually observed according to rules described below. 
[1201] In the case that an abnormality is not observed, it is O, in the case that cracks are slightly observed, it is A, 
and in the case that cracks are remarkably observed, it is x. 

40 <Adhesion (a non sand-recoatability)> 

[1202] High solid base coating (manufactured by Nihon Paint, Co.) was air-sprayed on a coated plate on which an 
intermediate coating is coated, so that thickness of a coating layer after drying becomes approximately 16 m, followed 
by setting for approximately 7 minutes, provided that in the case of employing a water-based coating (manufactured 
45 by Nihon Paint, Co.), setting was conducted for approximately 1 minute after air-spraying, followed by preheating at 
80°C for 5 minutes. 

[1203] Subsequently, respective resin components were formulated in formulation (solid components) shown in Ta- 
bles IX-6 and IX-7, and viscosity was adjusted to 30 seconds by Ford Cup No. 4, and a clear coating composition 
obtained was coated at an atomizing pressure of 5 kg/cm 2 using an electrostatic coating machine "Auto-Rea" (manu- 
50 factured by Lansburg Gema, Co.), so that thickness of a coating layer after drying becomes approximately 40u,m, 
followed by setting for approximately 7 minutes and baking at 1 60° C for 30 minutes. 

[1204] A coated plate obtained was placed in a desiccator for 30 minutes and, after that, the above-described high 
solid base coating (manufactured by Nihon Paint, Co.) was likewise coated and set again on the coated plate. The 
above-described clear coating composition was likewise coated and set as described hereinabove on a coating layer 
55 obtained, followed by baking at 120°C for 30 minutes. 

[1205] On surface of a coating layer formed, cross-cuts attaining to the coated plate passing through the coating 
layer were lengthwise and laterally formed using a cutter knife (NT cutter S type or A type) at interval of 2 mm, and 
which has lengthwise 11 lines and laterally 11 lines, whereby, 100 pieces of squares were formed on the coating layer. 
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A cellophane sticking (manufactured by Nichiban, Co.) tape having width of 24 mm was stuck and uniformly pressed 
down on the coating layer having cross-cuts while preventing formation of air bubbles by fingers. Immediately after 
that, one side of the sticking tape was abruptly pulled up vertically to strip the sticking tape from surface of the coating 
layer. 

5 [1206] Adhesion of the coating layer was evaluated according to rules described below based on an area ratio in 
the coating layer stripped together with the sticking tape. 

<Evaluation by area ratio stripped> 

10 [1 207] It is 5 in 0%, it is 4 in the case that it is less than 5% and complete strip of the squares is absent, it is 3 in the 
case that it is less than 15% and complete strip of the square is absent, it is 2 in less than 35%, and it is 1 in not less 
than 35%. 

[1208] As a result, it was confirmed that it is able to obtain a coating layer which is excellent in abrasion resistance 
and the coating layer can be cured at a low temperature and, in which other properties are maintained. 

15 

Example X. 
Example X-1 

20 [1209] A four-necked flask equipped with a tube for introducing air, a thermometer, a reflux condenser, and an agi- 
tating device was charged with 1616 parts (18.8 mol) of methacrylic acid, 1610 parts (14.1 mol) of e-caprolactone 
(e-CL), 1.99 part of hydroquinone monomethylether (HQME) which is a polymerization inhibitor, and 0.199 part of 
stannous chloride (SnCI 2 ) which is a reaction catalyst, followed by allowing to react at 1 00°C for 23 hours while stream- 
ing air. Reaction ratio of e-caprolactone was 99.3%, and color hue of a reaction product was 20 (APHA). 

25 [121 0] Other monomers were copolymerized with a lactone-modified methacrylate composition obtained to prepare 
an excellent acrylic polyol resin. 

Example X-2 

30 [1211] The same procedures were likewise followed as in the Example X-1 , except that 0.795 part of monobutyltin 
tris-2-ethylhexanate was employed as a reaction catalyst. Reaction ratio of e -caprolactone was 99.5%, and color hue 
of a reaction product was 20 (APHA). 

[1212] Other monomers were copolymerized with a lactone-modified methacrylate composition obtained to prepare 
an excellent acrylic polyol resin. 

35 

Comparative Example X-1 

[1 21 3] The same procedures were likewise followed as in the Example 1 , except that 0. 1 47 part of tetrabutyl titanate 
(TBT) was employed as a reaction catalyst, followed by allowing to react at 100°C for 64 hours while streaming air. 
40 Reaction ratio of e-caprolactone was 99.6%, and color hue of a reaction product was 50 (APHA). 

Comparative Example X-2 

[1214] A four-necked flask equipped with a tube for introducing air, a thermometer, a reflux condenser, and an agi- 
45 tating device was charged with 1616 parts (18.8 mol) of methacrylic acid, 4286 parts (37.6 mol) of e-caprolactone 
(e-CL), 1.99 part of hydroquinone monomethylether (HQME) which is a polymerization inhibitor, and 0.4 part of 1 H 2 0 
salt of p-toluene sulphonic acid which is a reaction catalyst, followed by allowing to react at 100°C for 16 hours while 
streaming air. Reaction ratio of e-caprolactone was 99.4%, and color hue of a reaction product was 40 (APHA). 

50 Example X-3 

[1215] A four-necked flask equipped with a thermometer, a reflux condenser, a tube for introducing nitrogen gas, 
and an agitating device was charged with 50 parts of butylacetate, 50 parts of toluene, and 1 .0 part of ditertiary butylp- 
eroxide (DTBPO), followed by elevating a temperature to 115°C. At a period having attained to 115°C, there were 
55 added dropwise over 3 hours 17.3 parts of styrene, 17.3 parts of butyl methacrylate, 17.3 parts of butyl acrylate, 2.0 
parts of methacrylic acid, 46 parts of the caprolactone-modified methacrylate composition synthesized in the Example 
1 , 0 part of methacrylic acid, and 1 .0 part of azobisisobutyronitrile, and a reaction was further continued for 4 hours to 
obtain an excellent transparent acrylic polyol resin solution. 
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Example X-4 and Comparative Examples X-3 and X-4 

[121 6] The caprolactone-modified methacrylate compositions obtained in the Example X-2 and Comparative Exam- 
ples X-1 and X-2 and 2-hydroxyethylmethacrlyate (HEMA) were polymerized, respectively, in the same apparatus and 

5 formulation conditions as in the Example X-3. As a result, although it was able to obtain an excellent transparent acrylic 
polyol resin solution from the monomer obtained in the Example X-2, in the case of the monomer obtained in the 
Comparative Example X-1 , discoloration of a reaction liquid was remarkable during the polymerization. 
[1 21 7] In the case of preparing a material for a coating employing the monomer obtained in the Comparative Example 
2, abrasion resistance is worse in a coating layer. 

10 [1218] It is confirmed that in the above Examples 3-4 and Comparative Example 4 in which a hydroxyl value (OHV) 
is adjusted to 120 and Tg is adjusted to 0-1 0°C in the polymerization of the acrylic polyol resin, and that in Examples 
3-4 , a proportion of an adduct (n=1) in which one mol of e-caprolactone is added is high, and a proportion of an adduct 
in which two or more continuous chains of e-caprolactone are added is low which lowers hardness in a cured acrylic 
resin. 

15 [1 21 9] In the case of employing the adducts in which proportion of two or more continuous chains of e-caprolactone 
are added is small as, for example, a coating material for a cars top coating, there can be obtained a coating layer 
well-balanced among hardness of a coating layer, a finishing appearance, weatherability, acid resistance, staining 
resistance, gloss, flexibility, and abrasion resistance. 

20 Example X-5 

[1220] A glass-made flask equipped with an agitator, a reflux condenser, a dropping funnel, and a thermometer was 
charged with 144 parts (2 mol) of acrylic acid, 8 parts of 1 H 2 0 salt of p-toluene sulphonic acid, and 0.08 part of 
hydroquinone monomethylether which is a polymerization inhibitor, and 171 parts (1.5 mol) of e-caprolactone was 
25 dropped over 4 hours from the dropping funnel while maintaining a liquid temperature at 80°C, followed by allowing to 
react. 

[1 221] After the completion of dropwise addition, a reaction was further continued for 2 hours at the same temperature 
to terminate the reaction. As a result of a gaschromatgraphic analysis of the reaction liquid, conversion of e-caprolactone 
was 99.3%. 

30 [1 222] In order to confirm a structure of a caprolactone-modified acrylate composition obtained, p-toluene sulphonic 
acid in a reaction liquid was neutralized by a methanol solution containing 1.1 times equivalent of 5%-sodium hydroxide, 
and an excessive amount of acrylic acid was removed at 110°C and a reduced pressure using a rotary evaporator. 
[1223] The caprolactone-modified acrylate composition was obtained by filtering a reaction liquid obtained. 
[1224] Physical properties of the caprolactone-modified acrylate composition (FA075A) obtained were measured. 

35 Analytical results obtained are shown as follows. 

Acid value: 3.59 mg-KOH/g 
Double bond: 3.68 mg equivalent/g 

Number average molecular weight converted to a polystyrene by GPC: 273 
40 Elementary analysis: C 59.9%, H 7.6% 

[1225] Further, a rational formula is as follows in the caprolactone-modified acrylate composition obtained, and n is 

1.76. 

45 CH 2 =CH-COO(-CH 2 CH 2 CH 2 CH 2 CH 2 COO-) n H 
Example X-6 

50 [1226] The same procedures were followed as in the Example X-5, except that 8 parts of 98% sulphuric acid was 
employed as an acidic catalyst to prepare a caprolactone-modified acrylate composition. 

[1227] As a result of a gaschromatgraphic analysis of a reaction liquid, conversion of e-caprolactone was 99.1%. 
[1228] Further, the same operations were followed as in the Example X-5, and a caprolactone-modified acrylate 
composition was obtained by removing acrylic acid and filtering after neutralization of sulphuric acid. 
55 [1229] The caprolactone-modified acrylate composition (FA075A2) obtained was analyzed. Results obtained are 
shown as follows. 

Acid value: 3.61 mg-KOH/g 
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Double bond: 3.73 mg equivalent/g 

Number average molecular weight converted to a polystyrene by G PC: 275 
Example 7 

5 

[1230] The same procedures were followed as in the Example 5, except that 172 parts (2.0 mol) of methacrylic acid 
was employed as a radically polymerizable unsaturated monomer having carboxylic group to prepare a caprolactone- 
modified acrylate composition. 

[1231] As a result of a gaschromatgraphic analysis of the reaction liquid obtained, conversion of e-caprolactone was 
10 99.2%. 

[1232] Further, the same purification were conducted as in the Example X-5, and a caprolactone-modified acrylate 
composition (FM075A) was obtained. 

[1233] The same analysis was conducted as in the Example X-5 in relation to the caprolactone-modified acrylate 
composition obtained. Results are as follows. 

15 

Acid value: 3.41 mg-KOH/g 
Double bond: 3.51 mg equivalent/g 

Number average molecular weight converted to a polystyrene by GPC: 287 

20 Comparative Example X-5 

[1234] The same procedures were followed as in the Example X-5, except that 236 parts (2 mol) of e-caprolactone 
was employed to prepare a caprolactone-modified acrylate composition. 

[1235] The caprolactone-modified acrylate composition (FA200A) was obtained by filtration of a reaction liquid ob- 
25 tained. 

[1236] Physical properties were measured in relation to the caprolactone-modified acrylate composition obtained. 
Analytical results obtained are as follows. 

Acid value: 3.30 mg-KOH/g 
30 Double bond: 3.38 mg equivalent/g 

Number average molecular weight converted to a polystyrene: 297 
Elementary analysis: C 59.9%, H 7.6% 

Further, "n" is 1 .97 in the caprolactone-modified acrylate composition obtained. 

35 [1237] Likewise, acrylic acid was allowed to react with e-caprolactone in molar ratio of 1/0.5 to obtain FA050A for 
Example. 

[1238] Likewise, methacrylic acid was allowed to react with e-caprolactone in molar ratio of 1/0.5 to obtain FM050A 
for Example, and methacrylic acid was allowed to react with e-caprolactone in molar ratio of 1/2.0 to obtain FM200A 
for Comparative Example. 
40 [1239] Results are shown in Table X-1. 
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(continued) 
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Application Example 

20 

[1240] A four-necked flask equipped with a thermometer, a reflux condenser, a tube for introducing nitrogen gas, 
and an agitator was charged with 50 parts of butyl acetate, 50 parts of toluene, and 1 .0 part of ditertiary butyl peroxide 
(DTBPO), followed by elevating a temperature to 115°C. At a period having attained to 115°C, there were added 
dropwise over 3 hours 17.3 parts of styrene, 17.3 parts of butyl methacryiate, 17.3 parts of butyl acrylate, 2.0 parts of 
25 methacrylic acid, 46 parts of the caprolactone-modified methacryiate composition synthesized in the Example 5, 0 part 
of 2-hydroxyethylmethacrylate, and 1 .0 part of azobisisobutyronitrile, and a reaction was further continued for 4 hours 
to obtain an excellent transparent acrylic polyol resin solution. 

[12411 In the case of employing a coating having a low proportion of the adducts in which not less than 2 mol of e- 
caprolactone is added as, for example, a top-coating material for cars, there can be obtained a coating layer which is 
30 well-balanced among a hardness of a coating layer, a finishing outer appearance, weatherability, acid resistance, stain 
resistance, gloss, flexibility, and abrasion resistance. 



Possibility of utilization in Industry 



[1242] According to the present inventions No.l to No. VII, there can be obtained a hydroxyalkyl(meth)acrylate com- 
position modified by a small amount of lactones, an acrylic polyol resin (A) obtained by allowing to react the composition 
with other ethylenic unsaturated monomer, and a curable resin composition containing the resin can be employed as 
a raw material for, for example, a well-balanced high quality finishing agent for industry, for example, a coating, a 
pressure sensitive adhesive, an ultraviolet ray- and electron beam-curable coating agent, and a reactive improver, etc. 
by formulating various conventional crosslinking agents and usually employed components. 

[1 243] A composition containing the curable resin composition is excellent in workability, water resistance of a coating 
layer, acid rain resistance, staining resistance, retort resistance, adhesion, a low temperature curability, and wet ink 
adaptability and, by which there can be prepared a coating well-balanced between abrasion resistance and acid re- 
sistance, which is excellent in flexural resistance and recoat adhesion, and which can be employed as a raw material 
for coatings for cars, home electric appliances, a water-based coating for coating an outside and inside of cans for 
foods and beverages, particularly, a clear coating for finishing an outside of the cans, and a top coating for cars. 
[1244] In a conventional type coating composition using a layer-formable resin, even in the case of employing a 
melamine resin curing agent causing a worse acid resistance, there is produced a large merit that any problems are 
not caused by the use of a coating of the present invention. 

[1 245] The carboxylic group-contained acrylate monomer composition modified by a small amount of lactones in the 
present inventions No.VII to No. VIII has (meth) acryloyl group and carboxylic group in the molecule, and it has an 
effect in adhesion to a metal and other materials, solubility to water and an aqueous alkali solution and, above-all, 
reduction of a developing time of period in an alkali developing step for forming a pattern utilizing ultraviolet ray curing, 
and an improvement in removal property of an uncured portion. Further, the compound of the present invention can 
be industrially prepared at economical cost by an applicable method for the preparation thereof. 
[1246] From the curable resin composition prepared by polymerization of the carboxylic group-contained acrylate 
monomer composition modified by a small amount of lactones, a high solid coating can be prepared, and a coating 



116 



EP 1 227 113 A1 



layer obtained from the coating is excellent in acid resistance against acidic rain, abrasion resistance, yellowing re- 
sistance, and outer appearance, and the coating can be cured at low temperature. 

[1247] The polyester unsaturated monomer modified by a small amount of lactones of the present invention No. X 
can be readily prepared by an industrial fashion in a short step. 
5 [1 248] Since the polyester unsaturated monomer modified by a small amount of lactones obtained has one radically 
polymerizable unsaturated group, and It has carboxylic group at terminal, there can be widely expected an application 
as a raw material or an intermediate for a thermosetting coating, an adhesive, a crosslinking agent, a stabilizer for an 
emulsion, a dispersant, and an emulsifier, etc. 

[1249] Further, in a composition using the polyester unsaturated monomer modified by a small amount of lactones, 
10 since tackiness can be removed by elevating Tg of the composition, it is particularly useful in an electric material field, 
etc. 

[1 250] Still further, there can be obtained the polyester unsaturated monomer modified by a small amount of lactones 
in which discoloration is low. 

[1251] According to the present invention, there can be prepared a polyester unsaturated monomer modified by a 
15 small amount of lactones in which the amount of the lactones added is not less than 0.3 and more than 1 mol, and 

which has an identical radical polymerizable functional group to the number of a radical polymerizable functional group 

existing in a radically polymerizable unsaturated monomer having carboxylic group which is employed as a raw material. 

Particularly, in the case that acrylic acid and methacrylic acid are employed as the radically polymerizable unsaturated 

monomer having carboxylic group, there can be produced a polyester unsaturated monomer modified by a small 
20 amount of lactones which certainly has one piece of a radically polymerizable functional group without producing a 

compound not containing the radically polymerizable functional groups at all and a compound having two or more 

pieces of the radically polymerizable functional groups. 

[1 252] The polyester unsaturated monomer modified by a small amount of lactones obtained is characterized in that 
it has reactive carboxylic group at one terminal and, further, it has a radically polymerizable unsaturated group apart 
25 from the carboxylic group. 

Claims 

30 1. A hydroxyaIkyl(meth)acrylate composition modified by a small amount of lactones in which a proportion of mono- 
mers having two or more continuous chains (n^2) of lactones is less than 50% (area % by GPC), the composition 
being represented by formula (1) described below, 

35 R R 1 R a R 4 

II I I 

CH = CCOO- (C) j-O (CO (C) xO) n-H (1) 
I I 
R 3 R B 

40 

(in the formula, R, R\ R 2 , and R 3 are independently a hydrogen or a methyl group, "f is an integer of 2-6, xn 
pieces of R 4 and R 5 are independently a hydrogen or an alkyl group having a carbon number of 1-12, "x" is 4-7, 
"n" is 0 or an integer of not less than 1 , and an average value of "n" in a composition is not less than 0.3 to less 
45 than 1.0). 

2. A hydroxyalkyl(meth)acrylate composition modified by a small amount of lactones as claimed in claim 1, wherein 
a hy droxy alky l(meth)acryl ate which is employed as a raw material is a hydroxyethyl(meth)acrylate. 

50 3. A hydroxyalkyl(meth)acrylate composition modified by a small amount of lactones as claimed in claim 1, wherein 
a lactone monomer which is employed as a raw material is £-caprolactone and/or valerolactone. 

4. A hydroxyalkyl(meth)acrylate composition modified by a small amount of lactones as claimed in claim 1 , wherein 
the content of a lactone monomer remained in the composition is 0-10% by weight. 



55 



A hydroxyaIkyl(meth)acrylate composition modified by a small amount of lactones as claimed in claim-1, wherein 
the content of a hydroxya!kyl(meth)acrylate remained in the composition is not less than 20% by weight and not 
more than 50% by weight. 
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6. A hydroxyalkyl(meth)acry!ate composition modified by a small amount of lactones as claimed in claim 1, wherein 
the content of a di(meth)acrylate which is a by-product in said composition is not more than 2% by weight. 

7. A hydroxyatkyl(meth)acrylate composition modified by a small amount of lactones as claimed in claim 1 , wherein 
5 the content of by-products produced by side reactions such as a Michael addition, an acrylic polymerization, a 

transesterification, and other side reactions is not more than 10% by weight in said composition. 

8. A hydroxya!kyl(meth)acrylate composition modified by a small amount of lactones as claimed in any one of claims 
1-7, wherein catalyst to be employed for a ring-opening polymerization in the preparation of said composition is 

10 less than 1000 ppm (weight) based on total amount of materials to be fed. 

9. A hydroxyalkyl(meth)acrylate composition modified by a small amount of lactones as claimed in any one of claims 
1-8, wherein the amount of a polymerization inhibitor for the hydroxy alkyl(meth)acry late to be employed for a ring- 
opening polymerization in the preparation of said composition is not more than 1 % by weight based on total amount 

15 of materials to be supplied. 

10. An acrylic polyol resin obtained using a hydroxyalkyl (meth)acrylate composition modified by a small amount of 
lactones as claimed in any one of claims 1-9 as a component for polymerization. 

20 1 1 . A method for the preparation of a hydroxyalkyl (meth)acrylate composition modified by a small amount of lactones 
wherein a proportion of monomers having not less than 2 continuous chains (n^2) of lactones is less than 50% 
by mol (GPC area %), characterized in that a hydroxyalkyl(meth) aery late is allowed to react with a lactone in a 
reaction molar ratio of more than 1 in the case of preparing the polylactone-modified hydroxyalkyl (meth)acrylate 
through allowing to react the hydroxyalkyl (meth)acrylatewithalactone monomer by ring-opening polymerization 

25 according to a reaction represented by a general formula (2) described below, 

R R 1 R* R 4 

III I 

• CH = CCOO- (C> ,-OH + (CO (C) xO) n - 
I I 
R* . R 5 



30 
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R R 1 R 2 R 4 

III I 

CH=CCOO- (C) j-O (CO (C) xO) n-H (2) 
} I 
R s R 5 

(in the formula, R, R 1 , R 2 , and R 3 are independently a hydrogen or a methyl group, "J" is an integer of 2-6, xn 
40 pieces of R 4 and R 5 are independently a hydrogen or an alkyl group having a carbon number of 1-12, "x" is 4-7, 

"n" is 0 or an integer of not less than 1 , and an average value of "n" in a composition is not less than 0.3 to less 
than 1 .0). 

12. A method for the preparation of a hydroxyalkyl (meth)acrylate composition modified by a small amount of lactones 
45 as claimed in claim 11, wherein said hydroxyalkyl(meth) aery late is hydroxymethylacrylate or hydroxyethylmeth- 

acrylate. 

13. A method for the preparation of a hydroxyalkyl (meth)acrylate composition modified by a small amount of lactones 
as claimed in claim 11 or 12 wherein said lactone monomer is e-caprolactone and/or valerolactone. 

50 

14. A method for the preparation of a hydroxyalkyl (meth)acrylate composition modified by a small amount of lactones 
as claimed in any one of claims 11-13, wherein an average value of n in said composition is not less than 0.35 
and not more than 1 .0. 

55 1 5. A method for the preparation of a hydroxyalkyl (meth)acrylate composition modified by a small amount of lactones 
as claimed in any one of claims 11-13, wherein the content of said lactone remained in said composition is 0-10% 
by weight. 
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16. A method for the preparation of a hydroxyalkyl (meth)acrylate composition modified by a small amount of lactones 
as claimed in any one of claims 11-13, wherein the content of the hydroxyalkyl(meth)acrylate remained in said 
composition is not less than 20% by weight and not more than 50% by weight. 

5 17. A method for the preparation of a hydroxyalkyl (meth)acrylate composition modified by a small amount of lactones 
as claimed in any one of claims 11-13, wherein the content of a di(meth)acrylate which is a by-product in the 
composition is not more than 2% by weight. 

A method for the preparation of a hydroxyalkyl (meth)acrylate composition modified by a small amount of lactones 
as claimed in any one of claims 11-13, wherein the content of by-products produced by side reactions such as a 
Michael addition, an acrylic polymerization, a transesterification, and other side reactions is not more than 10% 
by weight in said composition. 

19. A method for the preparation of a hydroxyalkyl (meth)acrylate composition modified by a small amount of lactones 
15 as claimed in any one of claims 11-18, wherein the amount of a catalyst to be employed in the reaction of the 

lactone with the hydroxyalkyt(meth)acrylate is less than 1000 ppm (by weight) based on total amount of materials 
to be fed. 

20. A method for the preparation of a hydroxyalkyl(meth)acrylate composition modified by a small amount of lactones 
20 as claimed in any one of claims 11-18, wherein the content of a polymerization inhibitor for the lactone and the 

hydroxyalkyl(meth)acrylate is not more than 1 % by weight based on total amount of materials to be fed. 

21. A curable resin composition comprising 0.5-80 parts by weight of an acrylic polyol resin (A) obtained using a 
hydroxyalkyl(meth)acrylate composition (a) modified by a small amount of lactones represented by the above- 

25 described formula (1) as claimed in claim 1 , in which a proportion of monomers having not less than 2 continuous 

chains (n§=2) of lactones is less than 50% (GPC area %), as polymerizing components, and 0.5-50 parts by weight 
of a melamine resin (B), total of the (A) and (B) not exceeding 100 parts by weight. 

22. A curable resin composition as claimed in claim 21 , wherein said hydroxyalkyl(meth)acrylate composition (a) mod- 
30 jfied by a small amount of lactones is obtained using a hydroxyethyl (meth)acrylate. 

23. A curable resin composition as claimed in claim 21 or 22 wherein the hydroxyalkyl(meth)acrylate composition (a) 
modified by a small amount of lactones is obtained using e-caprolactone, 5 -valerolactone, Y-butyrolactone, or a 
mixture thereof. 

35 

24. A curable resin composition as claimed in any one of claims 21-23, wherein said acrylic polyol resin (A) is composed 
of 5-70 parts by weight of the hydroxyalkyl(meth)acrylate composition (a) modified by a small amount of lactones, 
0-90 parts by weight of an alkyl(meth)acrylate having a carbon number of 1-20, 0-30 parts by weight of a (meth) 
acrylic acid, and 0-40 parts by weight of other polymerizable unsaturated monomer. 

40 

25. A curable resin composition as claimed in any one of claims 21-24 wherein said acrylic polyol resin (A) has a 
hydroxyl group value of 5-250 and a number average molecular weight of 3,000-300,000. 

26. A melamine-curable type water-based coating composition comprising 5-30 parts by weight of an acrylic polyol 
45 resin (A) obtained using a hydroxyalkyl(meth)acrylate composition (a) modified by a small amount of lactones 

represented by the above-described general formula (1) as claimed in claim, wherein a proportion of monomers 
having not less than 2 continuous chains (n^2) of lactones is less than 50% (GPC area %), as polymerizing 
components, and 10-60 parts by weight of an amino-plasto resin (IV-B). 

so 27. A melamine-curable type water-based coating composition as claimed in claim 26, characterized by composing 
of (i) 3-40% by weight of the hydroxyalkyl (meth)acrylate composition (a) modified by a small amount of lactones, 
(ii) 1-20% by weight of a, p-unsaturated carboxylic acid, (iii) 1-25% by weight of an N-alkoxymethyl (meth)acrylate 
having a carbon number of 1-6 in an alkyl group, and (iv) an aromatic vinyl monomer and an alkyl(meth)acrylate 
which are contained in an amount that 100% by weight minus total weight % of the above components (i), (ii), and 

55 (iii). 

28. A melamine-curable type water-based coating composition as claimed in claim 26 or 27, wherein said acrylic polyol 
resin (A) has a number average molecular weight of 2,000-50,000, a hydroxyl group value of 10-150 mg-KOH/g, 



18. 

10 
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and a Tg point of 0-60 C. 

29. A melamine-curable type water-based coating composition as claimed in any one of claims 26-28, wherein said 
amino-plasto resin (IV-B) is at least one of a guanamine resin (k) selected from a melamine resin (j), benzoguan- 

5 amine, spyroguanamine, acetoguanamine, and phthaloguanamine, and/or a melamine-guanamine cocondensed 

resin (I). 

30. A melamine-curable type water-based coating composition as claimed in any one of claims 26-29, which is em- 
ployed for cars, home electric appliances, and cans for beverages and foods. 

10 

31. A curable resin composition comprising 50-90 parts by weight of an acrylic polyol resin (VtA) obtained using a 
hydroxyalkyl(meth)acrylate composition (a) modified by small amount of lactones, represented by the above-de- 
scribed general formula (1) as claimed in claim 1, in which a proportion of monomers having not less than 2 
continuous chains (n^2) of lactones is less than 50% (GPC area %), and 50-10 parts by weight of a polyisocyanate 

15 compound (V-B), total of the (V-A) and (V-B) not exceeding 100 parts by weight. 

32. A curable resin composition as claimed in claim 31, wherein said acrylic polyol resin (V-A) is composed of 5-65% 
by weight of the hydroxyatkyl (meth) acrylate composition (a) modified by a small amount of lactones, 0-30% by 
weight of a vinyl monomer having hydroxyl group, and other vinyl-based monomers (residual weight). 

20 

33. A curable resin composition comprising 0.5-80 parts by weight of an acrylic polyol resin ( Vl-A) having carboxylic 
group and a functional group obtained by allowing to react a hydroxyalkyl(meth)acrylate composition (a) modified 
by a small amount of lactones, represented by the general formula (1) claimed in claim 1, wherein a proportion of 
monomers having not less than 2 continuous chains (n ^2) of lactones is less than 50% (GPC area %), with a 

25 vinyl monomer having carboxylic group and other vinyl monomers, and 0.5-50 parts by weight of a polyisocyanate 

compound (Vl-B), total of the (Vl-A) and (Vl-B) not exceeding 100 parts by weight. 

34. A curable resin composition as claimed in claim 33, wherein said acrylic polyol resin (Vl-A) is a vinyl-based copol- 
ymer having carboxylic group and a functional group, said copolymer being obtained by allowing to react a reaction 

30 product of a hydroxyl group-contained resin and a (meth)acrylic anhydride with a vinyl-based monomer having 

carboxylic group and other vinyl-based monomers, said hydroxyl group-contained resin being obtained by polym- 
erizing a hydroxyatkyl(meth)acrylate composition (a) modified by a small amount of lactones. 

35. A curable resin composition as claimed in claim 33, wherein said acrylic polyol resin (Vl-A) is a resin obtained 
35 using said hydroxyl group-contained resin as claimed in claim 34 and at least one selected from a urethane resin 

having hydroxyl groups, an epoxy resin having hydroxyl groups, a cellulose derivative having hydroxyl groups, 
and a polyester resin having hydroxyl groups. 

36. A curable resin composition as claimed in claim 33 wherein said acrylic polyol resin (Vl-A) is a resin obtained using 
40 said hydroxyl group-contained resin claimed in claim 34 and a urethane resin having hydroxyl groups. 

37. A curable resin composition as claimed in claim 33 wherein said polyisocyanate compound (Vl-B) is a polyisocy- 
anate compound containing an epoxy resin. 

45 38. A curable resin composition as claimed in any one of claims 31-37, wherein said hydroxyalkyl(meth)acrylate com- 
position (a) modified by a small amount of lactones is a product obtained using hydroxyethyl(meth)acrylate. 

39. A coating characterized by containing (i) crosslinked particles obtained by dispersing a mixture of an acrylic polyol 
resin (Vl-A) with a polyisocyanate compound (Vl-B) into a water-based medium and by crosslinking thereof, or (ii) 
so composite- type crosslinked particles composed of a urethane-urea/ethylene-based resin obtained through polym- 

erizing polymerizable ethylenic unsaturated compounds containing a hydroxyalkyl(meth)acrylate composition (a) 
modified by a small amount of lactones in water in which crosslinked urethane-urea particles are dispersed, as 
resin components for forming a thin layer. 

55 40. A coating as claimed in claim 39 characterized by containing not less than 50% by weight of crosslinked particles 
having particle diameter of not more than 1 m and, moreover, an average molecular weight between crosslinking 
points within a range of 300-2,000, as resin components for forming a thin layer. 
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41. A coating as claimed in claim 39 or 40, wherein said crosslinked particles have a layer-formable temperature of 
not more than 100°C. 

42. A coating as claimed in any one of claims 39-41 , wherein said content of the crosslinked particles is not less than 
5 70% in said resin components for forming a thin layer. 

43. Acoatingasclaimedinanyoneofclaims39-42, characterized by containing 1-25% by weight of a crosslinking agent 
together with the crosslinked particles as said resin components for forming a thin layer. 

10 44. A coating as claimed in any one of claims 39-43, characterized by further containing a thin layer-formable resin 
having a reactive group other than the crosslinked particles as said resin components for forming a thin layer. 

45. A coating as claimed in any one of claims 39-44, wherein said crosslinked particles contain pigments in an inside 
thereof. 

15 

46. A thermosetting resin composition which comprises 2-50 parts of an acrylic polyol resin (Vll-A) containing a hy- 
droxy a Iky I (meth)acry late composition (a) modified by a small amount of lactones represented by the general for- 
mula (1) as claimed in claim 1 , wherein a proportion of monomers having not less than 2 continuous chains (n^2) 
of lactones is less than 50% (GPC area %), and 30-80 parts of an acrylic copolymer (Vll-B) having an alkoxysilyl 

20 group, total of the (Vll-A) and (Vll-B) being 100 parts by weight. 

47. A thermosetting resin composition as claimed in claim 46, wherein said acrylic polyol resin (Vll-A) has at least one 
kind selected from an acid anhydride group, an epoxy group, amino group, and carboxylic group. 

25 48. A thermosetting resin composition as claimed in claim 46 or 47, wherein said acrylic copolymer (Vll-B) having an 
alkoxysilyl group has a group represented by general formula (VI I -3) described below, 



R\ R 8 

I I 

(R fi O) 3- fl -Si-CH- (VH-3) 



(in the formula, R 6 represents an alky) group having a carbon number of 1-10, R 7 and R 8 are a hydrogen atom or 
a monovalent hydrocarbon group selected from an alkyl group, an aryl group, and an aralkyl group which have a 
carbon number of 1-10, "a" is the number of a substituent group, and it represents an integer of 0, 1 , or 2). 

40 49. A thermosetting resin composition as claimed in claim 48, wherein said acrylic copolymer (Vll-B) having an alkox- 
ysilyl group has at least one kind selected from an acid anhydride group, an epoxy group, amino group, and 
carboxylic group. 

50. A thermosetting resin composition as claimed in claim 48 or 49, wherein said acrylic copolymer (Vll-B) having an 
45 alkoxysilyl group has a number average molecular weight of 1 ,000-30,000. 

51. A thermosetting resin composition as claimed in any one of claims 48-50, wherein said acrylic copolymer (Vll-B) 
having an alkoxysilyl group contains 5-90% by weight of an alkoxysilyl group-contained monomer (Vll-b) having 
a polymerizable unsaturated double bond as a polymerizing component. 

50 

52. A thermosetting resin composition containing 0.1-20 parts by weight of a catalyst (Vll-C) for curing based on 100 
parts by weight of a thermosetting resin composition as claimed in any one of claims 48-51. 

53. A thermosetting resin composition as claimed in claim 52, wherein said catalyst (Vll-C) for curing is an organic tin 
55 compound, an acidic phosphate, a mixture or reaction product of the acidic phosphate with an amine, a saturated 

or unsaturated polyvalent carboxylic acid, a saturated or unsaturated polyvalent carboxylic anhydride, a reactive 
silicone compound, an organic titanate compound, an organic aluminum compound, or a mixture thereof. 
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54. A top coat clear coating comprising a thermosetting resin composition as claimed in any one of claims 46-53. 

55. A method for the preparation of a carboxylic group-contained acrylate composition (a') modified by a small amount 
of lactones represented by a general formula (VIII-3) described below characterized by allowing to react a hy- 

5 droxyalkyl(meth)acrylate composition (a) modified by a small amount of lactones represented by the above-de- 

scribed genera! formula (1) claimed in claim 1 in which a proportion of monomers having not less than 2 continuous 
chains (n ^2) of lactones is less than 50% (GPC area %) with a carboxylic acid or anhydride thereof (Vlll-b) 
represented by a general formula (VIII-2) described below, 

10 R 9 -[COOH] m+1 (VIII-2) 



15 



20 



25 



30 



35 



40 



R R 1 R* R O 

II I I II 

CH=CCOO- (C) j-O (CO (C) xO) d-C-R 9 -[COOH]» 
I I 

R s R 5 (VI- 3) 

(in the formula, R, R 1 , R 2 , and R 3 are independently a hydrogen or a methyl group, "j w is an integer of 2-6, xn 
pieces of R 4 and R 5 are independently a hydrogen or an alkyl group having a carbon number of 1-12, "x n is 4-7, 
V is 0 or an integer of not less than 1 , an average value of "n" in said composition is not less than 0.3 to less than 
1.0, R 9 is a residual group of a carboxylic acid, and "m" is an integer of 1-3). 

56. A method for the preparation of a carboxylic group-contained acrylate composition (a') modified by a small amount 
of lactones as claimed in claim 55, characterized in that a reaction of said hydroxya!kyl(meth)acrylate composition 
(a) modified by a small amount of lactones with said carboxylic acid or anhydride thereof (Vlll-b) is conducted at 
a temperature range of 40-1 60° C. 

57. A method for the preparation of a carboxylic group-contained acrylate composition (a') modified by a small amount 
of lactones as claimed in claim 55 or 56, characterized in that a reaction of the hydroxyalkyl(meth)acrylate com- 
position (a) modified by a small amount of lactones with said carboxylic acid or anhydride thereof (Vlll-b) is con- 
ducted under the presence of oxygen and a polymerization inhibitor. 

58. A method for the preparation of a carboxylic group-contained acrylate composition (a') modified by a small amount 
of lactones as claimed in any one of claims 55-57, characterized in that 0.9-1.1 mol of said carboxylic acid or 
anhydride thereof (Vlll-b) is allowed to react with 1 mol of said hydroxyalkyl(meth)acryiate composition (a) modified 
by a small amount of lactones. 



59. A curable resin composition which comprises 10-70 parts of an acrylic polycarboxyiic acid resin (A') containing 
said carboxylic group-contained acrylate composition (a') modified by a small amount of lactones, represented by 
the general formula (Vlll-3) as claimed in claim 55, in which a proportion of monomers having not less than 2 
continuous chains <n^2) of lactones is less than 50% (GPC area %), as a polymerizing component, and 10-80 

45 parts of a polyepoxide (IX-B). 

60. A curable resin composition as claimed in claim 59, characterized in that said carboxylic group-contained hydroxy 
(meth)acrylate composition (a') modified by a small amount of lactones is obtained by allowing to react said hy- 
droxyalkyl(meth)acrylate composition modified by a small amount of lactones, represented by the general formula 

so (1) as claimed in claim 1, in which a proportion of monomers having not less than 2 continuous chains (n^2) of 

lactones is less than 50% (GPC area %), with said carboxylic acid or anhydride thereof represented by general 
formula (VIII-2) as claimed in claim 55. 

61. A curable resin composition as claimed in claim 60, characterized in that said carboxylic group-contained hydroxy 
55 (meth)acrylate composition (a') modified by a small amount of lactones is obtained by allowing to react 0.9-1.1 

mol of said carboxylic acid or anhydride thereof with respect to 1 mol of said hydroxy(meth) acrylate composition 
(a) modified by a small amount of lactones. 
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62. A curable resin composition as claimed in any one of claims 59-61 , characterized in that said acrylic polycarboxylic 
acid resin (A*) is a copolymer of 5-80% by weight of a carboxylic group-contained ethylenic unsaturated monomer 
with 20-95% by weight of an ethylenic unsaturated monomer not having carboxylic group, provided that the ratio 
of the carboxylic group-contained hydroxy(meth)acrylate composition (a') modified by a small amount of lactones 

5 is 5-50% by weight in said the acrylic polycarboxylic acid resin (A'), and said copolymer has at least two carboxylic 

groups on average in the molecule and an acid value of 5-300 mgKOH/g-solid and a number average molecular 
weight of 500-8000. 

63. A curable resin composition as claimed in any one of claims 59-62, characterized in that said acrylic polycarboxylic 
10 acid resin (A') having terminal carboxylic group is an acrylic polycarboxylic acid resin (bA') in which carboxylic 

groups are blocked by a blocking group which can produce carboxylic groups by heat and/or water. 

64. A curable resin composition as claimed in any one of claims 59-63, characterized in that said polyepoxide (IX-B) 
is an acrylic polyepoxide having an epoxy equivalent of 50-700 and a number average molecular weight of 

15 200-10000. 

65. A curable resin composition as claimed in any one of claims 59-64, characterized in that said polyepoxide (IX-B) 
is a polyepoxide having hydroxyl group and an epoxy group which is obtained by copolymerization of 5-70% by 
weight of (i) a hydroxyl group-contained ethylenic unsaturated monomer having a structure represented by general 

20 formula (4) described below with 10-60% by weight of (ii) an epoxy group-contained ethylenic unsaturated mon- 

omer and 0-85% by weight of (iii) an ethylenic unsaturated monomer not having an epoxy group which is optionally 
added, 

25 R 

I 

CH 2 =CCO-X-OH (4) 

30 [in the formula, R is a hydrogen atom or a methyl group, and X is an organic chain shown by formula (5) described 

below or an organic chain shown by formula (6) described below, 

-0-Y-(OCO-(CH 2 ) m -) q - (5) 

35 

(in the formula, Y is a linear or branched alkylene group having a carbon number of 2-8, "m" is an integer of 3-7, 
and "q" is an integer of 0-4), 

40 R 

I 

-O (0-CH 2 -CH- ) n - <6) 

45 (in the formula, R is a hydrogen atom or a methyl group, and "n" is an integer of 2-50). 

66. A curable resin composition as claimed in any one of claims 59-65, and which further contains 0.1-10 parts by 
weight of an antioxidant (IX-C). 

50 67. A curable resin composition as claimed in any one of claims 59-66, and which further contains 5-70 parts by weight 
of a polyester polycarboxylic acid (IX-D) having an acid value of 30-350 mg-KOH/g-solid. 

68. A curable resin composition as claimed in any one of claims 59-67, and which further contains 0.1-10 parts by 
weight of crosslinked resin particles (IX-E). 

55 

69. A clear coating composition containing a curable resin composition as claimed in any one of claims 59-68 as a 
binder. 
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25 



70. A method for coating which comprises a step in which a water-based or a solvent-based base coating is coated 
on a substrate coated by under-coating or internally-coating; a step in which a clear coating composition as claimed 
in claim 69 is coated on the base coating without curing a layer of said base coating; and a step in which said layer 
of said base coating and a layer of said clear coating composition are cured by heating. 

71. A polyester unsaturated monomer composition modified by a small amount of lactones, in which a proportion of 
monomers having not less than 2 continuous chains (n^2) of lactones is less than 50% (GPC area %), which is 
obtained by a ring-opening polymerization of a lactone monomer with respect to a polymerizable unsaturated 
monomer containing carboxylic group. 



72. A polyester unsaturated monomer composition modified by a small amount of lactones as claimed in claim 71, 
wherein said polymerizable unsaturated monomer containing carboxylic group is at least one kind selected from 
a group consisting of a (meth)acrylic acid, itaconic acid, p-(meth)acryloyloxyethyl succinic acid, (5 - (meth)acryloy- 
loxyethyl maleic acid, p-(meth)acryloyloxyethyl phthalic acid, maleic acid, a monoalkyl maleate (a carbon number 

15 in an alkyl group is 1-12), tetrahydrophthalic acid, and an anhydride thereof. 

73. A polyester unsaturated monomer composition modified by a small amount of lactones as claimed in claim 72, 
wherein said polymerizable unsaturated monomer containing carboxylic group is a (meth)acrylic acid, and which 
is obtained by a reaction represented by formula (X-1) described below, 

20 



R R 1 R 4 
I I I 
CH = CCOOH + n r <C)x 

I 

R s 
OCO 



R R 1 R« 

30 III 

C = CCOO((C)xCbO)n-H (X-1) 
I 

R 5 • 



35 (jn the formula, R and R 1 are independently a hydrogen or a methyl group, xn pieces of R 4 and R 5 are independently 

a hydrogen or an alkyl group having a carbon number of 1-12, "x" is 4-7, "n" and "n" in said composition are 0 or 
an integer of not less than 1 , and an average value of "n" in said composition is not less than 0.3 to less than 1 .0). 

74. A polyester unsaturated monomer composition modified by a small amount of lactones as claimed in any one of 
40 claims 71-73, wherein said lactone monomer is e-caprolactone and/or valerolactone. 

75. A polyester unsaturated monomer composition modified by a small amount of lactones as claimed in any one of 
claims 71-74, characterized in that the proportion of monomers having not less than 2 continuous chains (n^2) 
of lactones is less than 40% (GPC area %). 

45 

76. A polyester unsaturated monomer composition modified by a small amount of lactones as claimed in any one of 
claims 71-75, wherein the content of said lactone monomer remained in the composition is 0-10% by weight. 

77. A polyester unsaturated monomer composition modified by a small amount of lactones as claimed in any one of 
50 claims 71-76, wherein the content of said remained polymerizable unsaturated monomer containing carboxylic 

group is not less than 20% by weight and not more than 50% by weight. 

78. A polyester unsaturated monomer composition modified by a small amount of lactones as claimed in any one of 
claims 71-77, wherein the content of a di(meth)acrylate of said polymerizable unsaturated monomer containing 

55 carboxylic group which is a by-product in said composition is not more than 2% by weight. 

79. A polyester unsaturated monomer composition modified by a small amount of lactone as claimed in any one of 
claims 71-78, wherein the content of by-products produced by side reactions such as a Michaels addition, an 
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acrylic polymerization, a transesterification, and other side reactions is not more than 10% by weight. 

A polyester unsaturated monomer composition modified by a small amount of lactone as claimed in any one of 
claims 71-79, wherein the amount of a catalyst to be employed in said ring-opening polymerization is less than 
1000 ppm (by weight) based on total amount of materials to be fed. 

A polyester unsaturated monomer composition modified by a small amount of lactone as claimed in any one of 
claims 71-80, wherein a polymerization inhibitor is not more than 1% by weight based on total amount, which is 
employed for a (meth)acrylic acid in said ring-opening polymerization. 

A method for the preparation of a polyester unsaturated monomer composition modified by a small amount of 
lactone, wherein 0.3-less than 1.0 mol of a lactone monomer is polymerized by ring-opening with respect to 1 mol 
of a radically polymerizable unsaturated monomers containing carboxylic group, whereby, a proportion of mono- 
mers having not less than 2 continuous chains (n^2) of lactones is adjusted to less than 50% (GPC area %). 

A method for the preparation of a polyester unsaturated monomer composition modified by a small amount of 
lactone as claimed in claim 82, wherein an acidic catalyst is a Lewis acid or a Br nsted acid. 

An acrylic resin using a polyester unsaturated monomer composition modified by a small amount of lactone as 
claimed in any one of claims 71-81. 

A method for the preparation of a polyester unsaturated monomer composition modified by a small amount of 
lactone, characterized in that 0.3-less than 1.0 mol of a lactone monomer is polymerized by ring-opening with 
respect to 1 mol of a radically polymerizable unsaturated monomer containing carboxylic group using a stannous 
halide, monobutyltin tris-2-ethylhexanate, stannous octoate, dibutyltin dilaurate, or a mixture thereof as a catalyst, 
followed by separating the unreacted radically polymerizable unsaturated monomer containing carboxylic group. 

A method for the preparation of a polyester unsaturated monomer composition modified by a small amount of 
lactone as claimed in claim 85, wherein the catalyst to be employed in said ring-opening polymerization is less 
than 1000 ppm by weight based on total amount to be fed. 
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